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INVESTIGATION OF A NEARzlY ISENTROPIC MIXED-COMPRESSION 

AXISYMCETRIC INLET SYSTEM AT MACH 

W F 3 S  0.6 TO 3.2 

By Donald B. Smeltzer and Norman E. Sorensen 

Ames Research Center 

SUMMARY 

A 20-inch capture diameter model of a mixed-compression axisymmetric 
i n l e t  system has been designed and t e s t ed .  
diameters long measured from the  cowl l i p  t o  t h e  engine face .  The design Mach 
number w a s  3.0 ,  and off-design performance w a s  obtained by t rans la t ion  of t h e  
cowl. Vortex generators were employed just downstream of  the throat  t o  reduce 
t h e  total-pressure d i s to r t ion  at  the engine face .  The main test  objective w a s  
t o  determine experimentally t h e  major i n l e t  parameters of bleed mass-flow 
r a t i o ,  total-pressure recovery, and total-pressure d i s to r t ion  a t  t h e  engine 
face .  
a t tack  from 0' t o  8 O  and a t  a tunnel t o t a l  pressure of 1-5 p i a  which corre- 
sponded t o  a Reynolds number of about 2X106 per  foo t  a t  Mach number 3.0.  

The i n l e t  system w a s  1.4 capture 

Tests were conducted over t he  Mach number range 0.6 t o  3.2 a t  angles of 

The supersonic d i f fuse r  of the  i n l e t  w a s  designed with the a id  of a 
computer program which employs the  method of  cha rac t e r i s t i c s .  The subsonic 
d i f fuser  w a s  designed t o  have a l i n e a r  var ia t ion  of Mach number from the  end 
of t h e  throa t  t o  t h e  engine face .  Results indicated a l eve l  of performance a t  
Mach number 3.0 of 90 t o  93 percent total-pressure recovery at  the  engine face  
with a bleed mass-flow r a t i o  of 7.5 t o  12 percent and a total-pressure d is tor -  
t i o n  l eve l  of about 10 percent.  The off-design performance w a s  generally 
b e t t e r  than a t  Mach number 3.0. Other r e su l t s  obtained a t  Mach number 3.0 
indicated t h a t  the  i n l e t  would remain s t a r t e d  a t  2 O  t o  3' angle of a t tack  
without a change i n  geometry if the  m a x i m u m  pressure recovery a t  Oo were 
degraded about 2 t o  3 percent.  The transonic results f o r  Mach numbers from 
0.6 t o  1.3 included experimentally measured addi t ive drag as well as t h e  
in te rna l  performance. 

INTRODUCTION 

Results of severa l  investigations of mixed-compression axisymmetric i n l e t  
systems designed f o r  optimum performance at  Mach number 3.0 and capable of 
off-design performance by t r ans l a t ion  of t h e  cowl a r e  presented i n  refer- 
ences 1 t o  3 .  Analysis of these r e su l t s  and f u r t h e r  theore t ica l  s tudies  indi-  
cated the  po ten t i a l  f o r  achieving higher leve ls  of performance over t h e  Mach 
number range from 0 t o  3.0 than were reported f o r  these i n l e t  systems. These 
s tudies  revealed t h a t  t h e  supersonic d i f fuse r  could be re-designed t o  allow a 
poten t ia l  improvement i n  pressure recovery of about 3.5 percent at Mach 3 .O. 
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The length of t h i s  re-designed d i f fuse r  would be about t he  same as t h e  length 
of those of reference 3. Also, t he re  w e r e  indicat ions t h a t  t h e  use of vortex 
generators t o  reduce total-pressure d i s to r t ion  at t h e  engine face s t a t i o n  
would permit t he  length of t he  subsonic d i f fuse r  t o  be reduced without a l a rge  
attendant loss i n  performance. It, theref ore,  seemed reasonable t o  expect 
t ha t  a shor te r  in le t  system could be designed t h a t  would perform as w e l l  as 
those discussed i n  references 1 t o  3, o r  b e t t e r .  

The purpose of t h i s  invest igat ion w a s  t o  design a large-scale model of an 
i n l e t  system according t o  t h e  findings discussed above and t o  measure i t s  per- 
formance i n  wind-tunnel t e s t s .  The model w a s  t e s t e d  a t  Mach numbers from 0.6 
t o  3.2 and a t  angles of a t tack  from Oo t o  8 O .  For a l l  t h e  tests, t h e  wind- 
tunnel t o t a l  pressure w a s  constant at  t h e  value corresponding t o  a Reynolds 
number of about 2%06 pe r  foo t  a t  Mach number 3.0. Quantities deduced from 
t h e  measurements were total-pressure recovery, bleed mass-flow r a t i o ,  t o t a l -  
pressure d i s to r t ion  a t  t h e  engine face  s t a t ion ,  s e n s i t i v i t y  t o  unstar t ing 
caused by changes i n  the  angle of a t tack ,  and transonic addi t ive drag. 

SYMBOLS 

AC 

*min 

42 
b 

'Da 

D 

h 

M 

m 

P 

pP 

P t  

cy? 
t2  

r 
R 

2 

- 

capture area 

minimum duct area normal t o  the average l o c a l  flow 

l o c a l  duct a rea  normal t o  t h e  i n l e t  cen ter l ine  

span of vortex generators 

addi t ive drag coef f ic ien t  based on 

capture diameter 

l o c a l  height 

Mach number 

mass flow 

s t a t i c  pressure 

Ac 

p i t o t  pressure 

t o t a l  pressure 

t o t  al-p r e  s sure  
- Pt, 

min - m a x  % 
dis to r t ion  parameter, 

r a t i o  of cowl or centerbody radius t o  capture radius 



x 
R r a t i o  of a x i a l  distance measured from the  t i p  of t h e  centerbody 

t o  capture radius 

r a t i o  of a x i a l  distance measured from the  cowl l i p  t o  capture 
radius 

incremental 

r a t i o  of t he  axial distance from t h e  t i p  of t he  centerbody t o  
t h e  cowl l i p  divided by the  capture radius 

a i n l e t  angle of a t tack ,  deg 

angle of a t tack  f o r  incipient  unstart, deg 
aU 

Subscripts 

a3 

0 

i 

2 

1 

2 

bl 

f r e e  stream 

i n l e t  l i p  ( theo re t i ca l )  

i n l e t  l i p  (measured) 

l o c a l  

th roa t  

engine face  

bleed 

Superscript 

- average value 

NOTE: The l e t t e r s  A, B, and C on the  p lo t ted  and tabulated da ta  refer 
t o  progressively r e s t r i c t ed  bleed exit s e t t i ngs ,  A 
condition and C t h e  most r e s t r i c t ed .  

being the  maxi" flow 

MODEL AND LNSTXJMENTATION 

The model is shown i n  f igu re  1 ins t a l l ed  i n  one of the  supersonic wind 
tunnels.  Detailed sketches of the  model and instrumentation a r e  presented i n  
f igure  2 .  
model is achieved by t r ans l a t ing  t h e  i n l e t  cowl while off-design operation of 

It is  evident from f igure  2 (a )  t h a t  off-design operation of t h e  
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t h e  i n l e t  i n  f l i g h t  would be achieved by t r ans l a t ing  t h e  i n l e t  centerbody. 
w a s  found t h a t  model construction could be s implif ied without a l t e r ing  off- 
design in t e rna l  area d is t r ibu t ions  by designing t h e  cowl ra ther  than the  
centerbody t o  be movable. 
near t h e  rear of t h e  model. These were used to control  t h e  terminal shock- 
wave posi t ion.  
struts mounted on t h e  centerbody s t ing  support. 
support f o r  t h e  cowl and ducting f o r  t h e  centerbody bleed airf low t o  the  free 
stream. Further d e t a i l s  of t h e  design and tes t  instrumentation are presented 
i n  t h e  following sec t ions .  

It 

Also shown is a t r ans l a t ing  sleeve and a f ixed  plug 

The outer  s h e l l  of t h e  mode.1 w a s  at tached t o  four  hollow 
The struts provided both 

Des ign Considerations 

This i n l e t  w a s  designed according t o  pr inciples  similar t o  those used i n  
t h e  design of t he  i n l e t s  discussed i n  references 1-3. High total-pressure 
recovery, l o w  bleed-mass-flow r a t i o ,  and low total-pressure d i s to r t ion  a t  t h e  
engine f ace  over t h e  e n t i r e  Mach number range from 0 t o  3.0 were prime consid- 
erat ions,  along with t h e  requirement f o r  low cowl drag and low transonic addi- 
t i v e  drag. The i n l e t  coordinates a re  presented i n  t a b l e  I. A l s o ,  they a re  
presented graphical ly  i n  f igu re  3 along with the  in t e rna l  area d is t r ibu t ions  
f o r  the  various cowl l i p  posi t ions t e s t ed .  The important aspects of t he  
design a re  discussed i n  the  following paragraphs. 

Supersonic diffuser.- This portion of t h e  i n l e t  w a s  designed with the  a id  
of t h e  computer program described i n  reference 4 which employs the  method of 
cha rac t e r i s t i c s .  The selected contours yielded near ly  isentropic compression 
with an average theo re t i ca l  total-pressure recovery of 0.993 a t  t h e  i n l e t  
th roa t .  The Oo i n i t i a l  i n t e rna l  cowl angle allowed a low external cowl angle 
sa t i s fy ing  t h e  requirement f o r  low cowl drag. A loo half-angle cone w a s  used 
f o r  t he  i n i t i a l  p a r t  of t h e  centerbody, x/R = 0 t o  1.502. 
and 3.502 a l i n e a r  r a t e  of change of surface angle with distance w a s  used s o  
t h a t  the  t o t a l  turning of t h e  surface w a s  1-5' at  s t a t i o n  With 
these i n i t i a l  contours the remaining in te rna l  contours of t he  cowl and center- 
body were adjusted and "tested'' using the  computer program u n t i l  the  desired 
conditions were a t ta ined  at  the  throa t .  These conditions were a uniform Mach 
number d i s t r ibu t ion  of about 1 .2  with e s sen t i a l ly  p a r a l l e l  f l o w  and a t o t a l -  
pressure recovery above 0.990. Another constraint  imposed on the  design w a s  
t h a t  t he  pressure r ise across a shock wave re f lec t ion  on the  centerbody o r  
cowl could not exceed t h e  value f o r  incipient  boundary layer  separation as 
defined i n  reference 5 .  The capture mass flow a t  Mach number 1.0 w a s  39.1 
percent. 
increased through the  use of a contracting centerbody. The design resul ted i n  
a cowl t r ans l a t ion  distance of about 0.7 capture diameter f o r  withdrawing t h e  
cowl t o  the  s t a t i o n  of m a x i m u m  centerbody diameter. N o  boundary-layer compen- 
sa t ion  w a s  included i n  t h e  design of the supersonic d i f fuse r  s ince previous 
experience ( r e f .  3 )  indicated t h a t  with the  boundary-layer removal system none 
would be required. Local s t a t i c  pressure and Mach number d is t r ibu t ions  calcu- 
l a t ed  by t h e  method of charac te r i s t ics  computer program a r e  presented i n  
f igu re  4 f o r  t h e  design Mach number. 

Between x/R = 1.502 

x/R = 3.302. 

If desired,  t he  capture mass flow i n  t h e  transonic range could be 
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Subsonic diffuser . -  The subsonic d i f fuse r  design w a s  based upon t h e  study 
reported i n  reference 3. The Mach number a t  t h e  beginning of t he  subsonic 
d i f fuser  w a s  obtained from t h e  calculations made for t h e  supersonic d i f fuse r  
( f i g .  4 ) .  I n  
the  throa t  region (x/R = 4.022 t o  4.252) t h e  centerbody and cowl surfaces w e r e  
frustums of cones which diverged from one another with a 2' included angle, 
t he  inner cowl surface being a s t ra ight - l ine  continuation of t he  surface a t  
t h e  end of t h e  supersonic d i f fuser .  This provided a low and constant diver- 
gence of t h e  duct area i n  t h e  throa t  region f o r  a range of cowl t r ans l a t ion  
distance.  These considerations caused t h e  m i n i "  th roa t  area t o  be located 
a t  about x/R = 4.0. Area and continuity re la t ionships  were used t o  design 
t h e  remainder of t h e  subsonic d i f fuser  from the  af t  end of t he  throa t  t o  t h e  
engine-face s t a t i o n  (x/R = 4.252 t o  5.352) t o  y ie ld  a l i n e a r  Mach number var ia-  
t i o n .  This var ia t ion  w a s  maintained f o r  a range of cowl t r ans l a t ion  dis tances .  
A s  i n  the case of t h e  supersonic d i f fuse r  no boundary-layer compensation w a s  
included. 
the  cowl l i p  t o  t h e  engine-face s t a t ion .  

The locat ion and area of t h e  engine-face s t a t ion  were f ixed .  

The resu l t ing  i n l e t  w a s  1.4 capture diameters long measured from 

Bo%-daq-layer bleed system.- Control of t he  boundary layer  t o  prevent 
flow separations caused by shock-wave impingements on the  boundary layer  i n  an 
adverse pressure gradient is of c r i t i c a l  importance. Control i n  t h e  present 
case w a s  accomplished by removal of pa r t  of t h e  boundary-layer flow through 
porous bleed zones. The model had four  bleed zones as indicated in  f igu re  2. 
Each had separate and remotely controlled exits t o  regulate each bleed flow 
from zero t o  m a x i m u m  flow. 
the  cowl and t h e  centerbody prevented rec i rcu la t ion  of t he  flow from t h e  
higher t o  t h e  lower pressure regions. To insure choked flow at  t h e  bleed 
e x i t s  during t h e  supersonic tes ts ,  e x i t  f a i r ings  were used t o  maintain low 
back pressures.  Cowl bleed zone I w a s  located just upstream of t h e  f i r s t  
shock-wave impingement shown i n  f igure  4 .  Bleed zone I1 w a s  located just 
upstream of t h e  second shock-wave impingement on the  centerbody. 
t ions were selected on the  bas i s  of t h e  results of t e s t s  reported i n  refer- 
ence 6 .  In  these areas 0.125-inch-diameter holes were d r i l l e d  t o  provide a 
uniform porosi ty  of 41.5 percent. 
and I V )  were d r i l l e d  with a similar pa t te rn ,  but with every other  row of holes 
eliminated. This resul ted i n  an overa l l  porosi ty  of 20.8 percent.  
pa t te rn  i n  each zone could be a l te red  by f i l l i n g  t h e  holes with a p l a s t i c  
r e s i n  material. Figure 2(b) shows t h e  pa t te rn  selected for invest igat ion 
throughout t h e  Mach number range. 

Separation of t he  bleed a i r  e x i t  ducting on both 

These loca- 

The bleed zones i n  the  throa t  region (I11 

The bleed 

Vortex generators.- Vortex generators w e r e  used t o  reduce t h e  t o t a l -  
pressure d i s to r t ion  a t  the  engine f ace  s t a t i o n  thereby permitting the  length 
of t h e  subsonic d i f fuse r  t o  be minimized. They were in s t a l l ed  just af t  of t h e  
throa t  region. 
cowl. 
according t o  procedures discussed i n  reference 7. 

Forty generators w e r e  mounted on t h e  centerbody and 54 on the  
Vortex generator d e t a i l s  are shown i n  f igure  2 .  They w e r e  designed 

Instrumentation 

Conventional but r a the r  de ta i led  instrumentation w a s  provided. S i x  
6-tube total-pressure rakes w e r e  provided a t  t h e  engine-face s t a t ion .  The 
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Tube spacing shown i n  t h e  sketch i n  t ab le  I1 w a s  used t o  obtain area weighted 
t o t a l  pressure measurements. 
t he  main duct e x i t  ( f i g .  2(a))  were used i n  conjunction with t h e  choked main 
duct e x i t  area and t h e  duct a rea  a t  the  rake s t a t i o n  t o  ca lcu la te  t he  main 
duct mass flow. The rakes were located t o  give an area-weighted average pres- 
sure. Stat ic-pressure o r i f i ce s  were located i n  s ing le  opposing rows along t h e  
top in te rna l  surfaces of t h e  cowl and centerbody. They extended t o  t h e  end of 
the  subsonic d i f fuse r .  Boundary-layer rakes w e r e  located as shown i n  f i g -  
ure 2 ( b ) .  
ning of t he  throa t  were used t o  evaluate the  performance of the supersonic 
d i f fuse r .  Bleed-flow r a t e  measurements i n  t h e  centerbody boundary-layer 
removal ducts were made with 4-tube total-pressure rakes, each with a s ingle  
s ta t ic-pressure tube.  Three of these rakes were mounted i n  the outer duct and 
four  i n  the  inner duct .  The known choked areas and t h e  s t a t i c  pressure m e a -  
sured i n  the  bleed plenum chambers of t he  cowl were used t o  evaluate the  bleed 
m a s s  flow through t h e  two zones on the  cowl surface.  Pressures were a l so  mea- 
sured i n  the. centerbody bleed plenum chambers. 
rakes were in s t a l l ed  a t  the  point of maximum centerbody diameter t o  measure 
the  t o t a l  and s t a t i c  pressure a t  t h i s  s t a t ion .  Five total-pressure tubes and 
two s ta t ic-pressure tubes were included on each rake. Both s t a t i c -  and t o t a l -  
pressure tubes were located t o  give area-weighted average pressures.  The m e a -  
surements from these rakes were used t o  ca lcu la te  t he  i n l e t  m a s s  flow and the  
t o t a l  momentum change from t h e  f r e e  stream t o  t h e  rake measurement s t a t ion .  
These measurements, t h e  pressure d is t r ibu t ion  on t h e  centerbody, and a f r i c -  
t i o n  drag term were used t o  ca lcu la te  t he  addi t ive drag by t h e  mathematical 
procedure of reference 8. 

Measurements from t h e  s ta t ic-pressure rakes near 

Measurements from a 9-tube pi tot-pressure rake located at t h e  begin- 

For t h e  transonic tests four  

TEST PROCEDUm 

The invest igat ion w a s  conducted i n  the  8- by 7-foot, 9- by 7-foot, and 
11- by 11-foot tes t  sect ions of t h e  Ames Aeronautics Division Wind Tunnels 
and covered t h e  Mach number range from 0.6 t o  3.2. 
angles of a t tack  of Oo, 2'J 5') and 8 O .  

Data were obtained a t  

Various pat terns  of boundary-layer bleed holes were t e s t ed  a t  Mach 
number 3.0 i n  an attempt t o  achieve high total-pressure recovery, low t o t a l -  
pressure d i s to r t ion  a t  t h e  engine face,  and l o w  bleed m a s s  flow. For the  
selected bleed pa t te rn  shown i n  f igure  2(b)  t h e  contraction r a t i o  t h a t  pro- 
duced the bes t  performance w a s  determined. Three leve ls  of bleed mass f l o w  
were obtained with 3 d i f fe ren t  bleed-exit s e t t i ngs .  
e x i t  s e t t i ngs  A, B, and C referred t o  on the  p lo t ted  da ta .  Exit s e t t i ng  A 
represented t h e  m a x i m u m  bleed mass flow t h a t  could be removed f o r  the  selected 
boundary-layer-bleed hole pa t te rn .  Exit s e t t i ngs  B and C represented pro- 
gressively more reduced bleed mass flow. Data were obtained a t  a l l  angles of 
a t tack  and at  off-design Mach numbers f o r  these bleed-exit  se t t ings  and the  
selected bleed pa t te rn .  
design performance by a l t e r a t ion  of  t h e  boundary-layer-bleed hole pat tern o r  
the  bleed-exit s e t t i ngs .  
data  were recorded only f o r  contraction r a t io s  near t he  m a x i m u m  (lowest th roa t  
Mach number) f o r  which the  i n l e t  would remain s t a r t e d .  

These correspond t o  bleed- 

No attempt w a s  made t o  improve angle of a t tack  o r  off-  

A t  angles of a t tack  and off-design Mach numbers, 
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PRECISION OF DATA 

The following t a b l e  presents t he  estimated uncertaint ies  of t h e  primary 
parameters. 

Parameter ~ Uncertainty 

P t h ,  *O .005 

mbl/mw +o .OO? 
0 a 20.1 

P/P, t o  .2 

M, +o .05 

m2/% tO.020, a=Oo and 2 O  

A t  angles of a t tack  of 50 and 8 O ,  m a s s - f l o w  r a t i o  may be in  e r ro r  by t h e  
order of CO.050 or more. The uncertaint ies  i n  a l l  t h e  parameters except 
m 2 / m ,  and mbl/m, 
bleed m a s s - f l o w  r a t i o ,  Inbl/%, w a s  determined from measurements of t he  change 
i n  the  main duct flow with bleed-exit s e t t i ngs .  The assumption w a s  made t h a t  
changes i n  the  main duct m a s s  flow could be measured more precisely than i ts  
absolute value. This method f o r  determining bleed mass-flow r a t i o  is  more 
f u l l y  described i n  reference 3. The main duct mass-flow r a t i o ,  m2/%, w a s  
determined by comparison of t h e  measured results with the  difference of t he  
m a s s  f l o w  known t o  be entering the  i n l e t  and the  bleed mass f l o w .  

have been w e l l  established by many wind-tunnel t e s t s .  The 

RESULTS AND DISCUSSION 

Detailed analysis of t h e  data  is  not made i n  t h i s  report .  The most 
important results already have been published i n  reference 2, and a thorough 
discussion of t h e  r e su l t s  of t he  f i r s t  three  i n l e t s  of t h e  se r i e s  is presented 
i n  reference 3. The following, therefore ,  w i l l  be confined t o  a br ie f  discus- 
s ion of t h e  per t inent  r e su l t s .  Some of t h e  s ign i f i can t  trends of t h e  data  a r e  
noted, however, t o  a i d  i n  t h e  understanding of t h e  r e su l t s .  

R e s u l t s  of t h e  invest igat ion are tabulated i n  t a b l e  I1 and p lo t ted  i n  
f igures  5 t o  33. Table I11 is an index t o  t h e  p lo t ted  data .  Bleed mass-flow 
r a t i o  is used as a parameter f o r  much of t h e  p lo t t ed  data  ra ther  than t h e  more 
conventional mass-flow r a t i o  a t  t he  engine face.  This is done because bleed 
m a s s  flow is believed t o  be the  m o r e  r e l i a b l e  quant i ty  as w a s  noted i n  the  
discussion of precis ion of data .  
engine face  can be obtained by subtracting bleed m a s s  flow f r o m  t he  theore t i -  
c a l  m a s s  flow shown i n  f igu re  5 .  These m a s s  flows were obtained from a sub- 
program of reference 4 i n  which streamlines from t h e  bow shock wave t o  t h e  
i n l e t  l i p  radius were calculated.  

A t  0' angle of a t tack ,  m a s s  flow a t  the  

Variables are cowl l i p  posi t ion and 
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free-stream Mach number. 
angle of a t tack.  
is shown i n  figure 6.  
a t  Oo angle of a t tack  were obtained. 
recovery occurred at  t h e  indicated contraction r a t i o .  
at  Mach number 3.2 was-not changed from t h a t  a t  Mach number 3.0 and w a s  there- 
f o r e  not optimum but represented an overspeed condition. 

The curves on t h i s  f i gu re  are applicable only a t  0' 

The symbols indicate  t h e  contraction r a t io s  where da ta  
I n l e t  contraction r a t i o  as a function of cowl l i p  posi t ion 

A t  Mach number 3.0, maximum pressure 
The contraction r a t i o  

Supersonic Performance 

Maximum design performancE,exit s e t t i n g  B.- Shown i n  f igure  7 a re  the  
maximum pressure recoveries with associated bleed mass-f low ra t io s  and t o t a l -  - 
pressure d is tor t ions  a t  t h e  engine face obtained f o r  various posit ions of t h e  
cowl l i p .  The maximum pressure recovery was  obtained a t  other  than maximum 
contraction r a t i o .  
recovery, data  w e r e  obtained f o r  th ree  leve ls  of bleed mass-flow r a t i o ,  and 
those maximum points  are shown i n  f igure  8. 
engine face  is v i r t u a l l y  unaffected over t h e  range of bleed mass-flow ra t io s  
investigated.  

With the  cowl l i p  a t  t h e  posi t ion f o r  m a x i m u m  pressure 

Total-pressure d is tor t ion  at t h e  

Supercr i t ica l  performance, = 3-20  - 1.55, a = Oo.- Performance i n  t h e  __ ~~ _ -  _ _  
supe rc r i t i ca l  range f o r  t h e  Mach number-3 .O maximum pressure recovery points 
of figure 7 is  shown i n  f igu re  9 .  The maximum pressure recovery represents 
t h e  point where t h e  terminal shock wave system w a s  near i ts  most upstream posi- 
t i o n  f o r  which t h e  i n l e t  would remain s t a r t ed .  
reduced t h e  recovery or unstarted t h e  i n l e t .  
moved downstream from t h e  throa t  (by increasing t h e  main duct e x i t  area), t h e  
pressure recovery at t h e  engine face  decreased due t o  t h e  increased losses 
through the  shock system resu l t ing  from t h e  higher terminal shock wave Mach 
numbers. Concomitantly, t h e  bleed flow decreased as a result of movement of 
t he  terminal shock system with respect t o  t he  porous bleed areas and the  
decrease i n  in t e rna l  duct pressure.  When the  terminal shock system w a s  down- 
stream of t h e  porous bleed area,  fu r the r  downstream movement did not change 
t h e  bleed f l o w  and t h e  pressure recovery dropped abruptly.  
i n  d i s to r t ion  occurred when t h e  terminal shock system w a s  moved within the  
confines of t he  porous bleed a rea  but a rapid rise i n  d i s to r t ion  occurred as 
t h e  terminal shock system was withdrawn downstream of the  porous bleed area. 
The pecul ia r i ty  of t h e  shape of t he  curves of pressure recovery and d i s to r t ion  
f o r  t h e  lowest contraction r a t i o  tes ted ,  (x/R)lip = 2.658, probably w a s  caused 
by t h e  considerable displacement of t h e  bleed areas from t h e  proper design 
pos it ion. 

Any f u r t h e r  forward movement 
A s  t h e  terminal shock system w a s  

Only s m a l l  changes 

Performance i n  t h e  supe rc r i t i ca l  operating range f o r  Mach numbers 3.2 t o  
1.55 is shown i n  f igu re  10. Total-pressure recovery and total-pressure d is -  
t o r t i o n  a t  t h e  engine face are p lo t ted  f o r  th ree  ranges of bleed m a s s - f l o w  
r a t i o ,  each curve corresponding t o  fixed bleed-exit  area se t t i ngs .  The Mach 
number 3.2 data were obtained with the  Mach number 3.0 geometry and therefore 
represent an overspeed condition. 
design Mach numbers w a s  near t h e  maximum f o r  which t h e  i n l e t  remained s t a r t ed .  
Figure 10 includes da ta  obtained with the  i n l e t  unstarted. These points are 

The contraction r a t i o  used a t  other off-  
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separated from the  supe rc r i t i ca l  data  by dashed l i n e s .  
recoveries and mass-flow ra t io s  a r e  included in  t a b l e  I1 f o r  t h e  conditions 
represented by t h e  ha l f - f i l l ed  symbols. 

Tabulated pressure 

0 
Off-design m a x i m u m  performance, 3.20 - 1-53, a = 0 .- The m a x i m u m  

pressure recovery points from figure 10 a r e  summarized i n  f igure  11. The low- 
pressure recovery and high d i s to r t ion  a t  Mach number 2.9 probably result from 
poor boundary-layer control  on the  centerbody s ide  of t he  flow passage. 
low performance a t  t h i s  Mach number might be avoided by relocating t h e  
centerbody bleed areas. 

The 

Supercr i t ica l  performance a t  angle of a t tack,  M, = 3.00 - 1.75.- 
Performance i n  t h e  supe rc r i t i ca l  operating range f o r  t h e  Mach numbers invest i -  
gated is  shown i n  f igu re  12. 
t o r t i on  f o r  bleed-exit s e t t i n g  B are shown. Mass-flow r a t i o  a t  t he  engine 
face  as measured by t h e  main duct instrumentation is used as a parameter t o  
f a c i l i t a t e  inlet-engine matching s tudies  a t  angle of a t tack.  However, t he  
m a s s - f l o w  r a t i o  a t  5' and 8' may be i n  e r ro r  by kO.050 or more. 
angles of a t tack  should, therefore ,  be t r ea t ed  as qual i ta t ive .  Points shown 
with t h e  i n l e t  unstarted ( f i g s .  12(e)  and ( f ) )  a r e  separated from t h e  
supe rc r i t i ca l  data  by dashed l i n e s .  

Total-pressure recovery and total-pressure d is -  

D a t a  a t  these 

Maximum performance a t  angle of a t tack ,  Q = 3.00 - 1.53.- Figure 1 3  
shows t h e  var ia t ion  with Mach number of t h e  maximum total-pressure recovery 
and corresponding total-pressure d i s to r t ion  f o r  several  angles of a t tack .  
D a t a  f o r  t h e  th ree  f ixed bleed-exit se t t ings  a re  presented. The h a l f - f i l l e d  
symbols indicate  points where more data  a r e  avai lable  i n  t a b l e  11. 

Total-presswe p ro f i l e s  a t  t h e  engine face ,  M, = 3.20 - 1.55, a = Oo.- 
Total-pressure p ro f i l e s  from-each of t h e  six equally spaced rakes shown i n  t h e  
sketch of t ab le  I1 are presented i n  figure 14. The data  presented a r e  f o r  t h e  
maximum pressure recovery points i n  f igu re  11. Additional data  are tabulated 
i n  t ab le  11. 

Bleed mass-flow de ta i l s ,  M, = 3-20 - 1-55, CL = 0'-- Bleed mass-flow r a t i o  
through eachbf  t h e  fou r  individual bleed zones is presented i n  f igu re  1.5. 
Summations of these individual bleed zone m a s s  flows were shown i n  f igu re  10. 

Bleed plenum chamber pressure recoveries, M, = 3.20 - 1.55, a = Oo.- 
Total-pressure recoveries within t h e  individual bleed plenum chambers are 
shown i n  f igure  16. 
t he  bleed mass-flow ra t io s  of f igure  15. 
t ings  a r e  shown. 
sure  o r i f i ce s  i n  t h e  bleed plenum chambers shown i n  f igu re  2 (b ) .  
flow ve loc i ty  w a s  s m a l l ,  these o r i f i ce s  were assumed t o  measure t o t a l  pressure.  
The m a x i m u m  pressure recovery points from f igu re  16 are summarized i n  
f igure  1 7  as a function of free-stream Mach number. 

They are the  total-pressure recoveries associated with 
D a t a  f o r  t h e  three  bleed exit s e t -  

A l l  t h e  plenum pressures w e r e  measured by the  s t a t i c  pres- 
Since t h e  

Boundary-layer and th roa t  flow p ro f i l e s ,  M, = 3.00 - 2.50, a = Oo.- 
Figure 18 shows p i t o t  pressure prof i les--at  d i f f e ren t  s ta t ions  along t h e  i n l e t .  
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The p ro f i l e s  presented a r e  f o r  t h e  contraction r a t i o s  giving maximum pressure 
recovery with bleed-exit  s e t t i n g  B. A total-pressure p r o f i l e  a t  t he  engine- 
f ace  s t a t i o n  i s  shown f o r  Mach number 3.0. Mixing induced by the  vortex 
generators appears t o  have removed a l l  semblance of a boundary layer. This 
p r o f i l e  w a s  obtained by bending t h e  tubes nearest  t h e  centerbody surface t o  
t h e  heights indicated by t h e  p ro f i l e .  
numbers below 2.5. 

No p ro f i l e s  were obtained f o r  Mach 

Static-pressure d is t r ibu t ions ,  M, = 3.20 - 1.55, a = Oo.- Figures 1-9 
through 27 present surface s ta t ic-pressure d i s t r i b x m  f o r  both the  cowl and 
centerbody f o r  t h e  Mach number range investigated.  The pressure d is t r ibu t ions  
a r e  f o r  t h e  conditions corresponding t o  those f o r  t h e  h a l f - f i l l e d  symbols of 
f igure 10 f o r  bleed-exit s e t t i n g  The i n l e t  geometry at  each Mach number 
i s  indicated schematically on each of the  f igu res .  

B. 

, a f e c t  of unstar t ing the  i n l e t ,  M, = 3.0 - 1.55, a = Oo.- Figures 28 
through 30 show results obtained when the  i n l e t  i s  unstarted.  Figure 28 shows 
the  changes i n  total-pressure recovery, total-pressure d i s to r t ion  at  the  
engine face,  and bleed mass-flow r a t i o .  Figures 29 and 30 show changes i n  the  
individual bleed zone mass f l o w s  and plenum pressure recoveries, respectively.  
The unfi l led symbols a r e  maximum pressure recovery points  obtained f rom f ig -  
ures 10, 15, and 16. 
res ta r ted  without a l t e r a t ion  of t he  i n l e t  geometry. 

A t  Mach number 1.75 and below t h e  i n l e t  could be 

Sens i t iv i ty  t o  angle of a t tack,  M, = 3.00.- Figure 31 shows the  e f f ec t  of 
supe rc r i t i ca l  i n l e t  operation on t h e  angle of a t tack  t h a t  t h e  i n l e t  w i l l  t o l -  
e r a t e  without unstar t ing.  The curves show t h e  supe rc r i t i ca l  performance data  
a t  0' angle of a t tack  from f igu re  10(b) .  
curves the  following explanation of t h e  curve f o r  bleed-exit  s e t t i ng  A is  
made. With t h e  i n l e t  operating i n i t i a l l y  at  0' angle of a t tack  and maximum 
pressure recovery, t h e  angle of a t tack  can be changed t o  about 0.5' without 
unstar t ing the  i n l e t  as shown on the  curve. If the  total-pressure recovery 
a t  0' angle of a t tack  i s  reduced about 1 percent by withdrawing the  terminal 
shock wave system downstream, t h e  angle of a t tack  can be changed t o  about 1.l0 
before t h e  i n l e t  uns ta r t s .  IY t he  total-pressure recovery is  decreased fur- 
ther ,  t h e  angle of a t tack  can be increased from Oo t o  a l imi t ing  value of 2.9' 
without unstar t ing t h e  i n l e t .  A t  t h i s  point reducing t h e  total-pressure 
recovery fu r the r  w i l l  no t  a l t e r  t h e  angle of a t tack  t h a t  t h e  i n l e t  w i l l  t o l -  
e r a t e  without unstar t ing.  Similar results were obtained f o r  bleed-exit set- 
t ings  

To a id  i n  the understanding of these 

B and C except t h a t  t h e  l imit ing angle of a t t ack  w a s  2.73'. 

Transonic Performance 

Performance, M, = 0.6 - 1-03, a = 0'0- Figure 32 presents total-pressure 

The data  presented are f o r  t h e  bleed exits 
No attempt w a s  made t o  determine the  mass flow 

The most re t rac ted  cowl l i p  posi t ion w a s  

recovery, total-pressure d i s to r t ion  a t  the  engine face ,  and additive drag f o r  
t h e  transonic Mach number range. 
f ixed i n  t h e  open posi t ion.  
passing through t h e  bleed zones. 

= 3.952, which coincided with t h e  s t a t i o n  of t h e  m a x i m u m  centerbody 
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diameter. D a t a  are presented f o r  two other l i p  posit ions forward of t h i s  
s t a t ion .  Some data  were obtained with the  bleed ex i t s  closed but they are not 
presented herein s ince they generally showed lower values of total-pressure 
recovery and higher values of d i s to r t ion  a t  the  engine face .  

Performance a t  angle of a t tack,  & = 0.6 - 1.0.- Engine-face t o t a l -  
pressure recovery and total-pressure d i s to r t ion  are presented i n  f igu re  33. 
R e s u l t s  are shown f o r  angles of a t tack  from 0' t o  8'. 
f i l l e d  symbols of f igu re  32 and t h e  data  f o r  nonzero angle of a t tack  were 
obtained by pitching t h e  model with t h e  Oo geometry se t t i ngs .  
made to measure addi t ive drag with t h e  i n l e t  a t  nonzero angle of a t tack .  

The Oo data  are the  

No attempt w a s  

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field,  C a l i f  ., Jan. 19, 1968 
720-03-01-01-00-21 
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TABU I.- I= COORDINATES 

CENTERBODY 

j t ra ight  t ape r  I 

COWL 

Straight l i n e  

I 0550 I 0997 

1.050 I .970 
1.152 I .960 

Stra ight  taper  

2.8245 
S t ra ight  l i n e  

- Engine -face 
rakes 

S t r a igh t  l i n e  



TABU 11. - ENGINE-FACE PRESSURE RECOVERY DATA, pt,/pt, 

The following include t o t a l  pressure recoveries from 
the  individual tubes mounted a t  the  engine face.  Other 
quant i t ies  of i n t e r e s t  a r e  a l so  included. The sketch 
below shows locat ion of each tube. 

Rake 1 

4 

Engine-face pressure tube location looking downstream 
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TABLE 11.- ENGINE-FACE PRESSURE RECOVERY DATA, pt2/pt, - Continued 

TUBE NO. RAKE I1 
No- I I I 3 I 4- 
1 11 0.8041 0.7881 0.773 10.743 
3 11 0.830 10.8381 0.779 10.832 
5 11 0.8401 0.840 10.837 10.834 

~ 

1 1 2  
0.852 Io. 836 
0.796 10.783 
0.8501 . .  0.829 

RAKE 
NO. 

2 

4 
- 

6 

~- 
TUBE NO. 

3 1 4 1  5 6 

0.7641 0.750 I 0- 733 0.728 
0.8181 0.8141 0.774 0.732 

0.816j0.806~0.763 0.733 

1.000 Exit setting = A M, = 3.20 a =  o.oo 



T ~ L E  11.- ENGINE-FACE PRESSURE RECOVERY DATA, ptn/pt, - Continued 

% =  3 .20- a = 0.0" - mo/" = 1.000 Exit setting = B .. 

I 

4 

0.809 
0.698 
9.817 

5 

0,787 
0 - 697 
0.812 

6 

0.742 
0 - 699 
0.787 
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TABLE 11.- ENGINE-FACE PRESSURE RECOVERY DATA, pta/pt, - Continued 

% =  1.00 a =  0,oo m o b ,  = 0.997 Exit setting = A 

TUBE NO. 

1 1 2 1 3 1 4 1 5  6 -  
o. 8561 0.92g~0. 9151 0.9431 o. 939 0.947 
0.8971 0.930 10.9511 0.9377 0.926 0.917 
0.872 I 0.922 10.8931 0.9411 0.944 0.933 

3.00 a =  -. 

2 

0.894 
0.910 
0.897 

TUBE NO. 

3 1 4  
0.884 10.924 
0.. 945 10.924 
3.898 10 435 

0.0" mob,  = 

0.098 PJP, = 32.1 

TUBE NO. 1 
1 

0.878 

0.906 
0.914 

0.997 Exit setting = A 

0.090 PJP, = 31.3 

TUBE NO. 

M, = 3.00 a =  o.oo m,/m, = 2.997 Exit setting = A 

0.100 pdpm = 2 9 . 7  

B ____ & =  3.00 a =  0.0' Exit setting = 

TUBE NO. 

2 1 3 1 4  0.8ggi 0.897~ 0.g39 
0.926j0.95410.939 
0.89210.8931 0.945 

0 .lo6 PJP, = 31.5 
1 



TABLE 11. - ENGINE-FACE PRESSURE RFCOVERY DATA, pt4pt, - Continued 

3.00 a = 0 .oo m&, = 0.997 Exit se t t ing  = ~ B % =  .- 

- 
Pt2/Ptm = 0.922 mbl /mm = 0.097 Apt2 = 0.096 P,/P,= 31.5 

-- - ____ 

& =  3.00 a =  o.oo m o b ,  = 0.977 Exit se t t ing  = B 
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TABLE 11. - ENGINE-FACE PRESSURE RECOVERY DATA, pt2/pt, - C o n t i n u e d  

% =  3.00 a =  0.0. m,/m, = 0.997 E x i t  se t t ing = C 

PJP, = 30.6 
1 
NO. 

4 

0.914 ~ 

- 

0.919 
0.921 

! -5 
0.99 
0.909 
0.928 

0.922 

0.909 

I%? 
i 1  
I 3  
1 5  

TUBE NO. 

l 1 2 ! 3 ! 4 1 5  
0.830 I 0.822 Io. 835 Io. 878 I 0.886 
0.8871 0.8781 0.913 Io. 887 10.885 
3.8381 0.8541 0.849 Io. 8981 0.895 

a =  0.0" mo/" = M, = 2.90 

P t 2 / P t ,  = 0.903 m b l / m w  0.121 = 

RAKE 
NO. 

2 

4 
6 

2 

0.862 
0.884 
0 * 835 

TUBE 

0.851 
0.909 
0.827 

~ 

NO. I 
4 

0.877 
0.892 
0.889 

5 
0.876 - 
0.887 - 
0.898 

0.932 
0.912 

0.977 E x i t  s e t t i n g  = A 

0.170 P d P w  = 27.0 
n 1 

1 2  

10.909 
10.864 
lo. 887 

1 3 1 4  i i 

M, = 2.90 a =  o.oo m,/maJ = 0.977 E x i t  s e t t i n g  = A 

-0.182 p d P w  = 26.6 

TUBE NO. 

u0.86710.885 10.870 10.927 0.931 0.952~ 
110.797 10.845 lo. 851 lo. 900 0.919 0.940. 
10.813 lo. 866 lo. 854 lo. 908 0.943 0.948, 

I 



TABLE 11. - ENGINE-FACE PRESSTJRE RFCOVERY DATA, pt,/ptm - Continued 

KO= 2.90 a =  o.oo - m o b ,  = 0.977 Exit se t t ing  = A 

- 
Pt,/Ptm = 0.864 mbl/mcn = 0.090 A p t 2  = 0.192 . PJP, = 25.5 

TUBE NO. 

3 I- 4.- I 5 
0.795 10.844 10.927 

6 

0.937 
0.915 
0.924 

RAKE 
NO. 

2 

4 
6 

10.816 
10.771 
10.797 

~ 

2 

0.834 
0.822 

0.819 

TUBE NO. 

1 3 1 4 1 5  1 6  
(0.8331 0.898 10.895 10.929 
10.8301 0.899 10.899 10.917 
10.815 I 0.889 10.928 Io. 926 

TUBE NO. 
I -i 

3. I 1 - 5  
0.89610.883 - lo. 873 
0.90710.885 -_ ~ 10.883 -. 

0.909 lo. 877 10.884 

6 

0.882 
0.87e 
0.860 

.- 

RAKE 
NO. 

2 

4 
6 

. -  

M, = 2.90 - a =  o.oo mo/m, = 0.977 _ _  E x i t  s e t t i n g  

I 
5 1 6 1  

o.  878 i o .  879 I 
0.862 0.839 I 
0.882 lo. 860 I 
- - B 

= 0.778 0.807 

5 10.78010.864 

TUBE NO. 
I 1 

. 
1 

0.80510.83810.928 ~. 10.942 

0.863 I O .  912 10.931 10.933 
o .828 I 0.920 I 0.906 lo. 926 
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TABLE 11. - ENGINE-FACE PRESSURE RECOVERY DATA, pt2/pt, - Continued 

k =  2.90 a = 0 .oo mo/m, = 0 .977 E x i t  s e t t i n g  = C 

-d TUBE NO. 

1 1 2 1 3 1 4 ! 5  
0.901lo. 8761 0.892 Io. 8661 0.860 Io. 8641 
0.910 I 0.9081 0.896 Io. 872 I 0.872 Io. 872 (1 
0.9191 0.8871 0.904 Io. 873 I 0.874 Io. 8481 

RAKE 
NO. 

2 

4 
6 

1 1 2  i 

0.9041 0.886 
0.927 I 0.894 
0.918 Io. 881 

- PJP, = 25.5 

KO= 2.90 a =  0 .oo mo/m, = 0.977 E x i t  s e t t i n g  = C 

RAKE TUBE NO. 

I ! 3 I 
110.805 Io. 857 10.838 (0.912 

3 ~~0.83510.91310.9e210.934 
5 1 0.811 lo. 890 lo. 871 lo. 930 

- 
t 2  - 

RAKE 
NO. 

2 

4 

6 

0.164 P2/P, = 26.3 

A TUBE NO. 1 
ll I I 3  

110.852 Io. 896 10.872 
110.811 10.909 10.899 
no. 864 lo. 882 lo. 861 

M, = 2.90 a =  0.0" mo/mm = 0.977 E x i t  s e t t i n g  = C 

0.207 

n 
110.840 

~ 

1 I 1 l 2  
110.767 Io. 839 
10.78710.828 

P d P ,  = 25.5 

TUBE NO. 1 

E x i t  s e t t i n g  = A o.oo mo/m, = o -955 ~~ 

% =  2-75 a =  

TW3E NO. 
I I 1 1 

0.088 PJP, = 21.8 

TUBE NO. 1 
4 

~ 

977 ~ 

963 
975 



TABLE: 11.- ENGINE-FACE PRESSURE RECOVERY DATA, ptz/pt, - Continued 

A m,/m, = 0.955 Exit setting = 2-75 a = 0 .oo % =  

M, = 2.75 = 0.0" m,/m, = o .955 Exit setting = B 

% =  2.75- a = 0.0. m,/m, = 0 .955 Exit setting 
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TABLE 11.- ENGINE-FACE PRESSURE RECOVERY DATA, ptz/pt, - Continued 

1 2 1 3  

0.905 0.886 0.890 
0.945 0.910 0.927 
0.9161 0.848 0.846 

4 1 5  6 
0.851 0.858 0.907 
0.865 0.867 0.890. 
0.881 o,.~FIQ n.882 

0.8781 0.8581 0.8571 0.8731 0.8671 0.9041~ 
0.9351 0.90ol 0.925 0.8701 0.8661 0.8771~ 
0.9291 0.8691 0.886 0.8941 0.8921 0.90d 

RAKE 
NO. 

1 

TUBE NO. II RAKE 
NO. 

2 

3 
5 

4 
6 

KO= 2-75 01 = 0 .oo m o b ,  = 0.955 E x i t  s e t t i n g  = C 

Pt,/pt, = 0.940 m b l / m ,  = 0.104 Apt2 = 0.110 P2/P, = 21.2 

TUBE NO. m 2 

0.939 
0.955 
0 * 923 

M, = 2.75 a =  o . O O  mo/m, = o .955 E x i t  s e t t i n g  = C 

Ftz /P tm = 0.906 mbl/m, = 0.088 npt2  = 0.099 PJP, = 20.3 

RAKE 
NO. 

II RAKE TUBE NO. 
1 

0.885 

0.892 

_ _ ~ ~  

0.946 

2 

0.891 

0.887 
0.914 

~~~~~ 

1 

3 

5 
0 .O" mo/m, = 0.871 E x i t  s e t t i n g  = A a =  2.50 % =  

TUBE NO. 

314 
W E  NO. 

1 2 4 2 5 
~ 

5 

o. 929 i o. 975 
0.9611 0.962 
O.g501o.g?3 

0.907 
0.928 
0.917 

0.977 0.972 
0.966 
0.971 

0.966 
0.974 
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TABLE 11.- ENGINE-FACE PRESSURE RECOVERY DATA, pt2/pt, - Continued 

_____. ___ 

RAKE TUBE NO. 
NO. 

1 0.893 0.889 0.911 0.952 0.963 0.971 
3 ~ 0 . 9 0 6  0.906 [0.934]0.949 0.9530.954 

0.908 0,89710.926 10.958 0.964 0.962 

-I. i 

& =  2.50 a =  0 . 0 ~  mo/m, = 0.871 Exit setting = A 

I n 

4 
6 

- 

~ 
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TABLE 11.- ENGINE-FACE PRESSURE RECOVERY DATA, pt2/pt, - Continued 

& =  2.50 a =  o.oo m,/m, = 0.871 Exit setting = €3 

0.884 m b l / m m  = 0.085 *pt2 = 0.185 P2/P, 13.7 

2 

0.814 
3.849 
3.825 

TUBE 

l 3  
10.871 
10.918 
lo. 876 

n 1 
II 

No. II I 
2 10.789 10.787 
4 110.823 10.861 
6 10.811 10.849 

TUBE NO. i 

fT*l 
0.940 0.938 0.941 

& =  2.50 a =  o.oo Exit setting = c 

&2/Pt, = 0.944 mbl/mcu = 0.099 Apt2 = 0.092 PJP, = 15.0 

RAKE 
NO. 

1 

3 
5 

n TUBE NO. 

M, = 2.50 a =  o.oo mo/m, = 0.871 Exit setting = C 

Gtz/pt,= 0.929 mbl/m, = 0.083 'ptz = 0.103 PJP, = 14.7 

TUBE NO. 

1 2  

lo. 887 
10.900 
10.882 ~ 

1 
TUBE NO. 

% =  2.50 a =  0 .O" m,/m, = 0.871 Exit setting = c 

RAKE 
NO. 

I TUBE NO. 

ii I I I 4 I 5 
o. 752 10.782 lo. 8421 .g241 0.g54 
0.752 10.799 I 0.8761 0.943 Io. 948 

Io .  7671 0.805 Io. 8711 0.9481 0.956 

25 
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TABLE 11.- ENGINE-FACE PRESSURE RECOVERY DATA, ptP/ptm - Continued 

0.00 m,/m, = 0.808 Exit setting = A & =  2.25 a =  

PtJPt, = 0.937 mbl /m,  = 0 -098 Apt2 = 0.104 PJP, = 10.0 

M, = 2.25 a =  0.0" m o b ,  = 0.808 Exit setting = A 

Men= 2.25 a =  o .oo mo/m, = 0 .808 Exit setting = B 
~ 

?tz/Pt, = 0.948 = 0 .lo2 = 0.078 PJP, = 10.2 
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TUBE NO. 

! I 1 2 ! 3 1 4  5 6 

110.880 [ 0.896 lo .927 I o .953 0.967' o .971' 
10.902 10.911 10.940 0.960 0.971 0.972 
10.884 ]o.goi ]o.g3eA 0.957 0 4 6 4  o .969. 

TABLE 11. - ENGINE-FACE PRESSURE RECOVERY DATA, pte/pt, - Continued 

2.25 a = 0 . 0 ~  mo/m, = 0.808 Exit setting = B M m =  

0.090 Apt2 = 0.102 PJP, = 9.9 

TUBE NO. I 

.89110.921 2!3w 0.962 0.970 0.970 

I 

(YF 
i 1  
1 3  
1 5  

II n 
TUBE II TUBE NO. I 

i i 1 1 2 1 3  
11 0.798 I 0.827 I 0.870 
Uo.817]0.862 10.904 
10.805 l0 .8do .896  

1 

0.806 
0.829 

~ 

0.824 

3 

3.903 
0.911 
3.916 

2 

0.851 

3.876 
0.877 

0.00 m,/m, = 0.808 Exit setting = C M, = 2.25 a = 

% =  2.25 a = o.oo m,/m, = 0.888 Exit setting = C 

&z/Pt, = 0.903 mbl/" =0.069 Apt2 = . 0.145 PJP, = 9.4 

TUBE NO. I RAKE 
NO. 

1 
__ _ _ _  

TUBE NO. 

5 

0.941 
0.933 
0.945 
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T ~ L F  11.- ENGINE-FACE PRESSURE RFCOVERY DATA, ptn/pt, - Continued 

TUBE NO. 
- 

I I--- 
2 - .- . _ _  

0.928 
0.921 
0.926 
.. - . 

TUBE NO. 
I 

0.86810.849 I 
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I 

3 1 4 1 5  
0.940~0.950~0.953 
0.94510.951[ 0.949 
oIg30~o.g5610.956 

TABLE 11.- ENGINE-FACE PRESSURE RECOVERY DATA, pt2/pt, - Continued 

% =  2.00 a =  0 .oe mo/m, = 0.696 Exit setting = B 

6 

0.946 
0.949 
0.956 

0.935 m b l / m m  = 

TUBE NO. 

2 1 3 1 4 -  
0.9121 0.940 10.957 
0.9171 0.948 10.957 
0.9171 0.9461 0.956 

P2/P,= 6.7 0.084 Apt2 = 0.082 

TUBE 

1 1 2 1 3  
3.8871 0.909 I o  .938 
3.889 I o .914 I o .944 
3.8861 0.910 IO. 931 

0.955 I 0.949,11 4 
0.96110.9581 6 

&I= 2.00 a =  o.oo mo/mw = 0.696 Exit setting = B 

&2/Ptw = 0.916 mbi/m, = 0 .~075 Apt2 = 0.146 P2/P, = 6.5 

TUBE NO. 1 NO. 

4 

0.959 
0.951 
0 - 965 

TUBE 

1 

0.844 
2 ! 3  

o .86410.903 
0.8431 0.861~0.921 
0.8431 0.8751 0.928 0.9561 0.970 I o .  970 I 

mo/mw = 0.696 Exit setting = C o.oo M, = 2.00 a =  

NO . 
h 2 

0.901 
3.910 
- .  

0.904 

1 

0.871 

0.873 
0.883 

0 954 
0.95: 
0.957 

Exit setting = c ~__  M, = 2.00 a =  0 .oo mo/m, = 0.696 

PdP, = 6.2 ~- 0.181 

TUBE NO. 1 TUBE NO. 

l l 2 I 3 I 4  
0.81810.85110.8881 0.925 
0.8061 0.8291 0.8971 0.917 
0.8181 0.8471 0.8831 0.924 

1 

0.807 

0.822 

0.806 

2 

0.838 
0.847 
0.855 
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I I I1111 Ill1 IIIIII 

RAKE TUBE NO. RAKE 

------- - 1 2 3 4 5 6 NO. 
-_ 

NO. 

1 0.958 0.945 0.935 0.935 0.936 0.925 2 

TABLE 11.- ENGINE-FACE PRESSURE FCECOVERY DATA, pta/pt, - Continued 

TUBE NO. 

4 
I 

I 5  1.61 -- - - 1 2 3 

,0.971 0.953 0.936 o.ge810.9311o.geel 

- E x i t  s e t t i n g  = A 1.75 = 0.0' m,/m, = --- 
%n= 

3 0.961 0.950 0.939 0.932 0.933 0.928 4 
5 10.955 0.945 0.936 0.937 0.937 0.932. 6 

KO= o.oo mo/m, = 0.606 Exit s e t t i n g  = A 

0.95710.946 0.934 0.9J310.93310.9321 
j0.947 0.942 0.937 0.937)0.938)0.g36) 

Pt2/pt, = 0.951 m b l / m ,  = 0.081 Apt2 = 0.044 P$P, = 4.7 

M, = 1.75 Cl = 0.0' mo/m, = 0.606 Exit s e t t i n g  = A 

% =  1.75 a = 0.0' mo/m, = --- Exit s e t t i ng  

mbl/m, = 0.087 = 0.053 .- - P4P,  = 4.6 Ft,/Pt, = 0.940 

30 
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r 

TUBE NO. RAKE 11 
N O . ! !  1 1  2 I 3  1 - 4  5 6 
2 ~0.876~0.go2 l0.94110.963 0.958 0.939 
4 [10.889]0 .gi4 [0.94510.939 0.917 0.899 
6 110.853 10.869 - ~~~ 10.894T0~~0.955 - 0.963 ~ 

2 1 3 1 4  5 

0.919 10.953 0.972 0.972 
0.918 10.948 0.969 0.971 

0.921 10 . 9 5 ~ 9 6 6  0.970 
6 

0.956- 
0.969 
0.971 

TABLE 11.- ENGINE-FACE ~ E S S U R E  RECOVERY DATA, ptz/pt, - Continued 

k = 1.75 a =  0 .oo m o b ,  = 0.606 E x i t  s e t t i n g  = B 

0.949 mbl/m, = 0.078 = 0.078 PJP, = 4.6 

TUBE NO. I 
1 2  

. 

.1o.g22 
10.920 - 

0.972 (0.961 
0.971 10.966 
0.972 10.966 

TUBE NO. 
n 1 

RAKE 
NO. 

1 

3 
5 

1 

0 9 879 
0. go8 
0.864 
.- 

2 

0.890 
0.922 
0 I877 

M, = 1.75 a =  o.oo m,/" = --- E x i t  s e t t i n g  = c 

e t z / P t ,  = 0.944 mbl/m, = 0.079 Aptz = 0.052 P A  = 4.7 
n 1 

TUBE NO. RAKE 
NO. 

TUBE NO. 
1 1 1 -  

2 

4 
6 

10.934 10.934 10.930 
Io. 938 10.936 lo ,932 

1095610.94110.934 
10.951 . -~ 10.939 ] O z G  

E x i t  s e t t i n g  = c M, = ~~ 1.75 a =  o.oo m,/m, = 0.606 

RAKE II TUBE NO. 
4 

0.975 
0.974 
0.975 

_____ 



I I1 I1 1111111l I 

TABU 11.- ENGINE-FACE PRESSURE RECOVERY DATA, ptn/pt, - Continued 

I&, = 1.75 a = o.oo mo/m, = 0.606 Exit  s e t t i n g  = C 

Mdo = 1.55 a =  0.0” mo/m, = --- Exit  s e t t i n g  = A 

&,/Ptm = 0.981 mbi/m, =? 0.094 *pt2 = 0.028 P4Pw = 3.7 

M, = 1.55 a =  0.0” mo/m, = 0.540 Exit  s e t t i ng  = A 
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TAEKE 11.- ENGINE-FACE PRESSURE RECOVERY DATA, ptJptw - Continued 

M, = 1.55 a =  0 .OD mJm, = --- E x i t  s e t t i n g  = B 

- 
P t 2 / P t w  = 0.895 mbl/mw = 0.074 *pt2 = 0.092 PJPw = 3.3 

I E? 
i 1  
1 3  
1 5  

TUBE NO. 

3 14 
0.885 10.889 
0.902 10.886 
0.933 10.930 

TUBE NO. I RAKE 
NO. q 2  5 

0.890 
0.890 
0 947 

6 
0.885 
0.893 
0 909 

1 

0.881 
0.871 
0.900 

2 

0.912 
0.870 
0 917 

0.872 Io. 882 
0.864 I 0.882 
0.883 10 .go2 

2 

4 
6 

= 1.55 a =  0.0" m,/m, = 0..540 E x i t  s e t t i n g  = B 

P t2 /P tw  = 

1 %? 
i 1  
I 3  
L5 

II 1 
TUBE 

3 

0.982 
0 -985 
0.984 

NO. 

4 
RAKE 
NO. 

2 
4 
6 

TUBE NO. I 
1 3  1 4 1 7 1  
i i i 

2 

0 -985 
0.989 
0.984 

6 

0.967 
0.977 
0.974 

0 -979 
0.982 
3.981 

0.0" E x i t  s e t t i n g  = B M, = 1 - 5 5  a =  

0.068 PJP, = 3.5 

n 
TIJBE NO. 

'16 
.g80 10.963 
.979 10 977 
.980 10.976 . .  

lL12 
~o.923~o.g30 
io. 917 IO. 928 
LO. 918_[0.923 

RAKE 
NO. 

0.96410.973 0.957 
0.98010.982 0.981 
0.981 l&l 2 

4 
6 

M, = 1.55 a =  0.0" m,/m, = --- E x i t  s e t t i n g  = c 

- 0 .lo1 P 4 P ,  = 3.3 
~ 

n - n 
RAKE II 
- .  I ~- 

~ 1 /~0.870~0.875 
3 00.862 10.865 
5 10.895 10.914 

TUBE NO. ::@I 
o.gl4~O.go5 0.914 

3 
0.882 
0.887 
0.938 

1 2 1 3  
10.872 10.879 
10.878 10.902 
10.912 lo.gi8 

4 

0.890 

0.947 
0.883 

0.8g0 i0.8871 
0.897 10.902u 4 
0.944 [0.902k 6 
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TABLE 11. - ENGINE-FACE PRESSURE RECOVERY DATA, pt2/pt, - Continued 

RAKE 
NO. 

1 

3 
5 

M, = 1.55 a =  0 .oo mo/mw = 0.540 Exit setting = C 

TUBE NO. , RAKE TUBE NO. 

1 2 3 4 5 1 2 3 4 5 6 

2 

4 
6 

6 NO. 
I_____. 

0.844 0.887 0.878 0.898 0.898 0.870 
0.906 0.904 0.906 0.891 0.894 0.893 
,0.883 0.909 0.912 0.885 0.896 0.905 ~ 

0.841 0.877 0.861 0.892 0.885 0.891 
0.922 0.917 0.901 0.862 0.868- 
-0.883 0.894 0.871 0.899 0.900 0.866 

M, = 1.55 a =  o.oo mo/mw = 0.540 Exit setting = c 

M, = 3-00 a =  2.0° mo/mw = --- Exit setting = A 

P$Pw = 30.5 

= 3.00 a =  2.0° mJm, = --- Exit setting = B 
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TABU 11.- ENGINE-FACE PRESSURE RECOVERY DATA, pt2/pt, - Continued 

2 3 
~~ . 1 

2.85610.891 10.867 
2.853 0.903 0.923 

Exit setting = c --- a =  2.0- mo/" = M, = 3.00 

4 5 6 
0.935 0.962 0.966 
0.951 0.949 0.960 

3.876 Io. 904 10.862 Io. 946 0.942 0.949 

TUBE NO. 

314 
o.90110.881 
0.88810.881 

0.850 10.886 

TUBE NO. 

2 3 4 5 6 

0.875 0.862 0.865 0.866 0.868 
0.887 0.90210.867 0.869 0.862 
0.863 0.84210.888 0.894 0.849 

RAKE 
NO. 

2 

6 
0.856 
0.906 

5 
0.879 
0.884 

1 

0.858 
4 0.900 

0.852 6 0.889 0.920 

II II I 

1 

3 
[I 0.8411 0.873 I 0.864 
I 0.8871 0 .912 I o .936 

5uo.go8~o.glgIo.g35 

TUBE NO. 

3 4 5 6 

0.9161 0.96210.9631/ 2 110.867 0.900 0.873 0.930 0.964 0.967 
0.94910.953 0.9551 4 ~~0.863l0.907]0.923 0.943 0.941 0.952 
0.94410.948 0.9451 6 ~o.88o~o.~12~0.8~0 0.945 0.942 0.949 

2.0° m,/m, = --- Exit setting = B M, = 2.75 a =  

RAKE 
NO. 

II TUBE NO. II RAKE 
NO. 

1 2 

3 
5 

4 
6 

M, = 2.75 a =  2.0- mo/m, = --- Exit setting = c 

&,/ptm = 0.914 m b l / m m  = 0 .098 Apt2 = 0.150 P4P, = 21.0 

r n " 1 

516 
G q z  
0.942 10.954 
0.928 10.946 

I RAKE 11 TUBE NO. TUBE NO. 
NO. 

1 

3 

4 
~ 

0.910 
0.953 

5 0 931 6 110.871 10.889 (0.850 10.941 10.944 10.950 I 

3.5 



TABU 11. - ENGINE-FACE PRESSURE RECOVERY DATA, pt,/pt, - Continued 

RAKE 
NO. 

1 

3 
5 

TUBE NO. RAKE 

1 2 3 4 5 1 2 3 4 5 6 

TUBE NO. 
6 NO. 

0.901 0.898 0.924 0.960 0.963 0.967 2 0.901 0.921 0.944 0.956 0.964 0.963 
,0.897 0.908 0.929 0.964 0.956 0.959 4 .0.853 0.881 0.928 0.959 0.968 0.972- 
0.888 0.916 o .956,0.973 0.960,0.970 6 0 .go1 o . g i i  0.929 0.965 0.966 0.970 

M, = 2.25 a = 2 . O b  mo/m, = --- Exit s e t t i n g  = A 

Ptz/Pt, = 0.934 m b l / m ,  = 0.102 A p t 2  = 0.118 .~ P4P,  = 10.0 

36 

RAKE 
NO. 

1 

3 
5 

W E  NO. 

314 
TUBE NO. 

0.922 10.922 lo. 933 Io .  935 I o  ,945 Io. 956 
4 . -  - . --. 



TABLE 11.- ENGINE-FACE PRESSURE RECOVERY DATA, ptz/pt, - Continued 

= 2.25 a =  2.0" mo/" = --- Exit setting = B 

0.122 PJP, = 9.9 

n TUBE 
I 1 

RAKE 
NO. 

1 

3 
5 

5 

0.960 
0.954 
0.959 

0.955 
0.961 
C Exit setting = --- KO= 2.25 a =  2.0" 

P,/P, = 9.7 

I E: 
i 1  
1 3  
1 5  

TUBE NO. 

1 

0.897 
0.829 
0. goo 

2 3 4 

1.899 1 0.940 1 0.953 Io 
.88110.878 I o  .g481 o 
.892 I 0.926 10 -9531 0 

2 

0.911 
0.843 
0.919 

0 

0 

0 

0.942 0.960 
0.956 0.960 

M, = 2.00 a =  2.0" mo/" = --- Exit setting = A 

Pt,/Pt, = 0.934 m b l / m ,  = 0.092 npt2 = 0.085 PJP, = 6.8 

I1 u 1  
10.8ge 
10.884 

10.903 

TUBE NO. 1 TUBE RAKE 
NO. 

1 

3 
5 ~- 

1 1 2  

0.88610.906 0.947 
0.939 3 0.957 

2 1 3  i 3 1  
0.9381 

0.895 1 0.916 
0.8941 0.909 

~ 

0.9411 

B mo/" = --- Exit setting = 2.0" 

/m, = 0.084 = 0.087 P ~ P ,  = 6.7 .. 

TUBE NO. 1 
2 
o. goli 
0.9211 

0.9151 

2 1 3 1  
o .g111o.g43/ 
0.913 I o  .9441 

0 .go41 0.9371 
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TABU 11.- ENGINE-FACE PRESSURE RECOVERY DATA, pta/pt, - Continued 

a =  2.0° mo/mm = --- Exit  s e t t i n g  = Moo = 2.00 

= 1.75 a =  2.0e  mob, = --- Exit s e t t i n g  = A 

M, = 1.75 a =  2.0' mob,  = --- Exit s e t t i ng  = c 
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TABLE: 11.- ENGINE-FACE PRESSURE RECOVERY DATA, pt2/pt, - Continued 

% =  1.55 a =  2 .oo mg/" = --- Exit setting = A 

RAKE 
NO. 

1 

3 
5 

II TUBE NO. II RAKE II TUBE 

I I 3  
2 no.992 10.978 10.964 
4 110.949 10.954 10.961 
6 10.973 10.968 10.961 

NO. 1 TfCfZ-] 
0.954 0.966 0.942 

1 

0 - 983 
0.972 
0.966 

NO. 

4 

0.970 
0.958 
0.969 

T 
RAKE 
NO. 

2 

4 
6 

TUBE NO. 1 

M, = 1.55 a =  2 .O" mo/" = --- Exit setting = C 

TUBE 

3 

0.838 
0.766 
0.832 

NO. 
L 

0 * 879 
0.843 
0.840 

II II 
TUBE 

0.904 lo.g2611 
0.833 ~ ~ . ~ ~ ~ n  
0 825[0.800[ 

3 
0.883 
0.759 
0.898 

~ 
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TABLE 11.- ENGINE-FACE PRESSURF: RECOVERY DATA, ptn/pt, - Continued 

RAKE TUBE 

1 0.841 0.84310.875 
3 0.758 0.784 0.805 

1 2 3 NO. 

. 5 lO.76010*778 0.817 

= 3.00 ~~ a =  5.0" - m,/m, = --- Exit setting = B 

RAKE 
NO. 

2 

4 
6 

TUBE NO. RAKE _ _  _ _ _  ~ -- 

NO. 1 2 I 3  I L r . 1 6  
1 0.799 -0.810 10.830 10.88810.893 10.913 
3 0.682 0.68910.763 10.809@37 10.858 
5 0.680 0.690 10.737 10.805 10.8;; 10.845 

5 1 6  

3.913 10 899 
3.851 10.862 
3.930 IO 404 

--- Exit setting = c 

10.762 
10.700 
lo. 786 

TUBE NO. 

131 4 i0.841i0.919 
10,743 Io. 811 
lo. 861 lo. 927 

5 1 6  
3.914 10.914 
3.840 10.861 
3.913 10.919 

M, = 2.75 ~~~ a =  5 .O" mol" = --- Exit setting = A 

I II 

RAKE 
2 

~~ 

NO. 1 

1 0.849 0.855 
3 0.806 0.830 
5 0.805 10.828 

TUBE NO. 

j - 3  I. 
10.880 10 .go6 
lo ,854 10.875 
io. 862 io.  876 

~ I 5 -  
i ~- 

0.910 
0.875 

10.845 
10.800 
I O .  840 

2 

0.868 
0.818 
0.856 

TUBE NO. I 
j 0.9011 0.923 [ 0.910 j 0.939 I 
r3 I 4  I I 6  I 
10.8541 0,877 10.889 Io. 889 I 
10 -8961 0 930 10 -9341 0.931 I 

% = 2.75 a =  5.0" mo/" = --- Exit setting = R _- ~ 

&,/Pt, = 0.852 mbl/mw = 0.105 apt2 = 0.212 ~ PJP, = 20.1 

NO. 
4 

0.892 
0.851 

- .  . 

. .  

0.852 

0.895 10.9011 2 00.820 
0.870 10.8720 4 110.748 
0.873 lo.882u 6 Uo.810 

TUBE NO. 

7 3  
0.844 10.889 
0.776 10.810 
0.83510.883 

4 

0.922 
0.846 
0.927 

I 
5 1 6 1  



TABLE: 11.- ENGINE-FACE PRESSURE RECOVERY DATA, ptz/ptm - C o n t i n u e d  

liAKEn TUBE NO. 

M, = 2-75 a =  5.00 In,/" = --- E x i t  s e t t i n g  = C 

-1 TUBE NO. 

NO. 1 1 1  2 1 3 !  4 1  5 1  6 " ' U  1 1 2  I 3  ~~ 4 5 6 
1 ~0.838~0.839]0.87710.89i I0.89110.8g9] 2 10.793 10.82110.880 0.926 0.928 0.86; 
3 ~0.71810.73610.77710.8~9 10.86410.8781 4 00.715 10.735 10.771 0.828 0.868 0.891 
5 b.726 10.734 10.76710.828 10.87610.883 I 6 10.791 10.813 10.870 10.935 0.934 0.909 

2 

No- I 
2 

0.864 
0.830 
0.829 

1 2 3 4 5 6 
0.851 0.870 0.914 0.932 0.901 0.942 

TUBE 

3 

0.776 
6 uO.84410.861 

0.898 
0.853 
0.856 

0.804 0.842 0.876 0.889 
0.905 0.947 0.918 0.929 

TUBE NO. 

4 1 5 .  2 3 4 5 6 

O.go810.91410.92ll 2 10.866 0.891 0.926 0.935 0.898 0.936 
0.855 I 0.870 10.880 11 4 110.7941 0.821]0.847 0.874 0.896 0.883 
0.883 1 0.896 lo. 892 11 6 11 0.86170.880 I O .  907 0.946 o .902 0.947 

TUBE NO. I-.. 2 3 4 5 6 ' '-1 1 1 2  1 3  4 I 5 6 1 

m TUBE NO. 

0.848 0.849 0.879 0.898 0.910 0.926 2 0.830 0.852 0.901 0.929 0.900 0.928 
3 ~ 0 . ~ 4 4 ~ 0 . ~ 4 ~ ~ 0 . ~ 6 ~ ~ o . 8 i ~ ~ 0 . 8 ~ ~  10.890 I 4 0.721 0.736 0.767 0.804 0.852 0.880- 
5 10.75010.75610.7841 0.820~0.871~0.903] 6 0.824 0.848 0.895 0.945 0.918 0 . 9 ~  

RAKE 
NO. 

1 

3 
5 

~ 

II 
II 

10.783 

-~ 
10.860 
10.782 

2 

0.855 
0.795 
0.793 

y m l l  
0.890 I 0.909 I 0.917 10.924 1 
0.809 10.844 10.869 10.882 11 
0.820 Io. 854 Io. 881 10.904 [ 

M, = 2.50 a = 5.0" mo/" = --- E x i t  s e t t i n g  = C 



TABLE 11.- ENGINE-FACE PRESSURE RECOVERY DATA, ptB/pt, - Continued 

Moo = 2.25 a = 5.0" m,/m, = --- Exit setting = A 

= 5.0 

= 2.25 a = 5.0" m,/m, = --- Exit setting = B 
~~ 

Pt2/pt, = 0.877 mbl /m,  = 0.087 Apt2 = 0.162 P,/P, = 9-2  

6 
~ 

0.928 
0.878 

935 
M, = 2.25 a = 5.0" mol" = --- Exit setting = C 

&,/Pt, = 0.867 m b l / m ,  = 0.073 Apt2 = 0.198 PJP, = 9.0 

RAKE TUBE NO. _ -  RAKE TUBE NO. I - _  

NO. 1 2 4 5 6 NO. 1 

1 0.876 0.885 0.916 0.918 0.922 0.927 

M, = 2.00 a =  5.0" - mo/" = --- Exit setting = A 

6 

0.825 

0.833 
0.860 
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TUBE NO. RAKE 

1 10.848 0.887 0.939 0.953 o.g581o.g2711 2 110.897 0.928 lo.93510.92910.923 0.924 

3 ~~0.846~0.826 0.822 lO.83610.853 10.852 1 4 10.791 0.802 0.812 0.829 0.856 0.8661 
5 n0.84910.815 0.84110.850 10.865 10.87311 6 ~~0.889~0.9?0 0.922 0.917 0.917 0.945 

TIJBE NO. 

F.El 1 2 .~ 3 4 5 1 6  o N o - l  1 1 2  1 3  I 4 5 6 

TABLE 11. - ENGINE-FACE PRESSURE RECOVERY DATA, ptn/pt, - Continued 

RAKE 
NO. 

1 

3 
5 

!I TUBE NO. II RAKE 
NO. 

II TUBE NO. I 
II I I 3  I 4  I 5  1 6  1 
110.898~0.913[0.g36 10.935 10.893 10.830 1 
110.85910.87810.848 0.944 0.946 0.9491 
110.866 10.910 10.947 10.959 10- 

2 0.863 
0.829 
0.856 

4 0.821 
6 

a = 5.0" mJm, = --- Exit setting = C = 2.00 

M, = 1.75 a = 5.0" mg/" = --- Exit setting = A 

5t2/rtw = 0.934 mbl/mcc = 0.086 = 0.088 P ~ P ,  = 4.6 

RAKE 
NO. 

1 

3 

5 

TUBE NO. I 

2lY 0.920 0.913 

2 

0.926 
0.904 
0.914 

3 

0.917 
0.902 

0 927 

0.910 1 0.909 I 
0.937 10 -933 I 

Exit setting = B mo/m, = ~~~ 

M, = 1.75 a = 5.0" 

- 
Pt2/Pt, = 0.929 mbl/mw = 0.079 Apt2 = 0.108 PJP, = 4.5 

r n It n I 
TUBE 

0.916 334 0.920 0.913 

TUBE 

2 

0.924 

3 

0.918 
0.887 

0.930 
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TABLE 11. - ENGINE-FACE PRESSURE RECOVERY DATA, pte/pt, - Concluded 

n TUBE NO. 

I& = 1.55 a =  5.0" ~~ m o b ,  = --. Exit setting = A 

TUBE NO. I M E  N E 
0.926 

5 1 6  
0.954 IO. 869 
0.965 /0.971 

M, = 1-55 a =  5.0" mo/m, = --- Exit setting = B 

M, = 1.55 a = 5.0" m,/" = --- Exit setting = C 

Pt,/Pt, = 0.906 mbl /m,  = 0.061 Apt2 = 0.464 ~~ .- PJP, = 3.0 

FAKE 
NO. 

2 

4 
6 

... ~ 

- -. 

2 
. .  

0.945 
~ 0.865 

TUBE NO. 

3 

0 m.952 
0.871 
0.958 

. _.~ 

4 

0.936 

0.966 
0.874 

.. 

5 

0.951 
0.889 
0.965 

6 

0.546 
0.897 
0.964 
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TABLE 111.- INDEX TO FIGURES 

Figure 

1 

2(a>  - a b  1 

3 

4 

5 

6 

7 

8 

Model photograph 

Sketches of model 

A r e a  d i s t r ibu t ions  

Design flow f i e l d  

Theoretical  mass-flow r a t i o  

Contraction r a t i o  

M a x i "  design performance (var iable  ( x/R)lip) 

Maximum design performance (maximum pressure recovery) 

Supercr i t ica l  performance (var iable  (x/R)lip) 

Supercr i t ica l  performance (M, = 3.20-1.55, a = 0') 

Maximum off-design performance, a = 0 

Supercr i t ica l  performance a t  angle of a t tack  

M a x i "  performance a t  angle of a t tack  

Total-pressure d i s to r t ion  prof i les  a t  t he  engine face  

Supercr i t ica l  bleed f l o w ,  individual bleed zones 

Bleed plenum chamber pressure recoveries 

M a x i m u m  bleed plenum chamber pressure recoveries 

P i t o t  pressure prof i les ,  maxi" pressure recovery 

S t a t  ic-pressure d is t r ibu t ions  

Effect  of unstar t ing the  i n l e t  

I n l e t  tolerance t o  change i n  angle of a t tack  

Transonic performance, = 0.6-1.3 

Transonic performance at  angle of a t tack  

0 
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A-36911 
Figure 1.- Model mounted in Supersonic Wind Tunnel .  
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i 

C o w l  bleed Mass-flow rakes 

controls 

( a )  Overall model. 

Figure 2.- Model. 
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b = 0.30 in.  Vortex 
generators 

i 

T 

Static-pressure or i f ices  
Cowl bleed ex i t  controls /-I- (each bleed zone) 

. .  . . 
Engine-face rakes 

( s i x  equally spaced) 

U)OP N 

Distributed 
s tat ic  orifices,  
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W 

W w 
Three rakes 

(equally spaced) 

f W 

N 
Vl 
Iu 

% 
N 

LAdditive drag rakes 
( four  equally spaced) 

Four rakes 
( equally spaced) 

(b) Bleed configuration and instrumentation. 

Figure 2.- Concluded. 
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Figure 3 . - Area d is t r ibu t ions .  
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Figure 4.- Design theoret ical  flow f i e l d .  
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Figure 5.- I n l e t  theoretical mass-flow r a t i o s ;  Q: = Oo. 
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4.4 --I 

0 Cowl  l i p  posit ions where 
data were obtained, a = 0' 

---------- 

-- 
Maximum pressure recovery, Moo = 3.00 and & = 3.20 (overspeed) 

I L 

--- 
4.0 

-- 
A\ --, 3.6 

--- 
\ '  r---- 

L.U 

2.00 1.75 1.55 

2.4 1 

3.6 3.8 4 .O -2.4 2.6 2.0  3.0 3 * 2  3.4 

Figure 6.- I n l e t  contraction r a t i o .  
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Figure 7.- Maximum performance at various cowl lip positions, bleed exit 
setting B; I& = 3.00, CY, = 0'. 
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Apt, .10 
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T- 
3 

0 Bleed e x i t  s e t t i n g  A 
0 Bleed e x i t  s e t t i n g  B 

2 .14 

Figure 8.- Maximum performance for various boundary layer  bleed e x i t  
s e t t i ngs ;  (x/R)lip = 2.548; M, = 3.00, a! = 0.. 
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m, 

Figure 9.- Supercritical performance for various cowl positions, bleed 
exit setting B; M, - 3.00, ~1 = 0.. 
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0 Bleed e x i t  s e t t i n g  B 
A Bleed e x i t  s e t t i n g  C 
@ A See Table I1 

I I  
A k pi 

.06 .10 .12 

(a) (x/RZlip = 2.548, % = 3.20 

Figure 10.- S u p e r c r i t i c a l  performance, a = Oo. ' (Tabulated pressure 
recoveries  and mass-flow r a t i o s  a r e  included i n  Table I1 for 
p o i n t s  wi th  h a l f - f i l l e d  symbols.) 
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0 Bleed e x i t  s e t t i n g  A 
0 Bleed e x i t  s e t t i n g  B 
A Bleed e x i t  s e t t i n g  C 
(B 0 A See Table I1 
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( b )  (x/R)lip = 2.548, M, = 3.00. 

Figure 10. - Continued. 
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I 1 a A See Table I1 
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( c )  ( x / R ) ~ ~ ~  = 2.622, M, = 2.90. 

Figure 10.- Continued. 
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(d) ( x / R ) ~ ~ ~  = 2.670, M, = 2.75. 

Figure 10.- Continued. 

60 

~- . . . . .. . . ._ 



.96 

.92 

.80 

.40 

30 

.20 

.10 

0 
.04 .06 

1 

0 Bleed e x i t  s e t t i n g  A 
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A See Table I1 
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Figure 10. - Continued. 
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See Table I1 
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Figure 10. - Continued . 
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Figure 10.-  Concluded. 
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Figure 11.- Offdesign maximum performance; a = 0'. 
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Figure 12.- Supercritical performance at angle of attack; bleed exit setting B. 
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Figure 12.- Continued. 
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( a )  M, = 2.25 

Figure 12. - Continued. 
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Figure 12.-  Continued. 
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Figure 12.- Concluded. 
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See Table I1 1 CIA 
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( a )  Bleed e x i t  s e t t i n g  A 

Figure 13.- Maximum performance a t  angle of a t t ack .  
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(b) Bleed e x i t  setting B 

Figure 13.- Continued. 
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(c) Bleed exit setting C 
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Figure 14.- Total-pressure recovery profiles at the engine-face, maximum pressure recovery; a = 0' .  
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Figure 14.- Continued. 
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Figure 14.- Continued. 
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Figure 14.- Continued. 
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Figure 14. - Concluded. 
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Figure 15.- Supe rc r i t i ca l  bleed flow, individual  bleed zones; a = 0 " .  



I I1 

* 02 .a 

Bleed zone 
I11 

0 .02 .04 

N 

0 Bleed exit 
setting A 
Bleed exit 
setting B 

Bleed exit 
setting C 

0 .02 .04 .06 

Figure 15. - Continued. 



.88 

.7eo 

.80 

.02 .02 .@4 

-76 

I I1 

at 

Bleed zone 

I11 

0 E .02 .04 

0 Bleed exit 

0 Bleed exit 
setting A 

setting B 

0 Bleed exit 

0 Bleed exit 
setting A 

setting B 
2 A Bleed exit - 

setting C 

0 .02 .04 .06 

(c) ( x / R ) ~ ~ ~  = 2.622, I& = 2.90 

Figure 15.- Continued. 



03 
03 

I 
1.00 

96 

92 

- 

.88 
Pt 2 
Pt, 
- 

.84 

.80 

I . 7 f o F  .04 

I1 

.04 .06 

Bleed zone 
I11 

0 .02 .04 

(x/RIliP = 2.670, M, = 

Figure 15. - Continued. 

0 .02 .04 .06 

2.75 



Bleed zone 
I 

1.00 --- 

--- 
.96 I--- 

.02 .04 

I11 

0 .02 .04 

IV 

0 .02 .04 .06 

( e >  (x/RIliP = 2.960, I& = 2.50 

Figure 15.  - Continued., 



W 
0 Bleed zone 

1.00 

.96 

* 92 

- 
- Pt2 .88 
Pt, 

.84 

.80 

76 

I 

0 .02 .04 

I1 

0 .02 

I11 

0 .02 .04 

Iv -- 
I 

0 Bleed exit 1 
setting A 

0 Bleed exit 
setting B 

A Bleed exit I 

setting c 

111 
0 .02 .04 

(f) ( x / R ) ~ ~ ~  = 3.240, M, = 2.25 

Figure 15.- Continued. 



Bleed zone 

I11 I 
1.00 

-96 a 

92 

.88 

1 
7602 1 .04 

I1 

.02 .04 
1 .02 

(g) (x/Rllip = 3.478, l'L = 2-00 

Figure 15.- Continued. 

Iv 

0 Bleed exit 
setting A 

setting B 
-- 0 Bleed exit , 

- 

.02 .04 .06 



I1 

'il A 

0 .02 
L, 

Bleed zone 

I11 

- 
c- 

'L 
0 02 .04 

- mbl 
moo 

IV 

0 Bleed e x i t  

A Bleed ex i t  ; 
I 

Figure 15 . -  Continued. 



Bleed zone 
Iv -- I11 -- I I1 

0 Bleed e x i t  

0 Bleed e x i t  

s e t t i n g  A 

1.00 s e t t i n g  B 

- 
-- 

*88 .84 I= 
80. 02 m .04 

0 .02 .04 

rt- 

L 
0 .02 0 .02 .04 .06 



I 

.60 

.40 

.20 

0 

.40 

Pt, .20 

0 

Bleed exit 
setting 
T- - 

C I  I 

,I- 
--?? I 

Bleed 
zone 

N 
I11 

II 
I 

mb 1 

(a> (x/Rllip = 2.548, M, = 3.20 

.11 

Figure 16.- Bleed plenum chamber pressure recoveries; QI = 0'. 

94 



.60 

.40 

.20 

0 

-. 

.60 

.20 

0 

.40 

.20 

0 
.06 

Bleed.exit 
setting 

B 

A 

I 
1 I 
I I 
I 
I I I 
1 

- 07 

Bleed 
zone 

IV 
I11 

I1 

1 
- 

I I 
1 
I 

(b) 

.c 

I11 

11 

I 

.11 .12 * 13 .10 

( x / R ) ~ ~ ~  = 2.548, M, = 3.00 

Figure 16.- Continued. 

95 

1111 



.40 

.20 

0 

.40 

.20 

0 

Figure 16.- Continued. 

96 



.60 

.40 

.20 

.60 

.40 

Pta3 

.20 

Bleed exit 
setting I 

I 

* 09 

I11 

Iv 

I1 

I 

Bleed 
zone 

.10 
r 

.11 

mbl  
maJ 
- 

4- 
--w 
-0- 
4- 

.12 

= 2.670, MOO = 2.75 

~ 

CII 
Iv 
I1 

I 

- 13 .14 

Figure 16.- Continued. 

97 



.60 

.40 

.20 

.60 
B 

.40 

.20 ~- 

0 

Iv 
I 

I1 

Bleed 
zone 

I- 
-. 

* 07 .08 09 .10 .11 .12 0- 

( e )  ( x / R ) ~ ~ ~  = 2.960, M, = 2.50 

Figure 16.- Continued. 



I11 
I 
Iv 

.40 

Bleed 
zone 

Bleed 
set t i  

mb 1 
moo 

(f) ( x / R ) ~ ~ ~  = 3.240, M, = 2.25 

Figure 16.- Continued. 

99 



.60 

.40 

.20 

.. .- 

Bleed exit 
setting 

C 

A 

.08 -09 .10 .11 

mb 1 
mCU 

- 

(g> (x/RIlip = 3.478, M, = 2-00 

Figure 16.- Continued. 

.12 

100 



.80 

.60 

.40 

.20 

C 

.80 

.60 

.40 

.20 
-05 .06 07 .08 

1 
111 

N 

11 

1. 

111 
rv 
11 

1 

111 

rv_ 
TI 

09 

~ 

Bleed 
zone 

.10 .11 

Figure 16.- Continued. 

101 



.80 

.60 

.40 

.80 

F& .60 
Ptco 

.40 

.80 

.60 

.40 

h 

p' 
I 
1 

F: Bleed 
zone 

05 .06 -07 .08 .10 

mb 1 
mco 

(i) ( x / R ) ~ ~ ~  = 3.728, M, = 1.55  

Figure 16.- Concluded. 

.11 

102 



(a) Bleed zone I 

Figure 17.- Maximum bleed plenum chamber pressure recoveries; Q: = 0' .  

I-' 
0 w 



Bleed e x l t  set 

Bleed e x i t  se tk ing  c 

.20 -1- 

( b )  Bleed zone I1 

Figure 17. - Continued. 



1-00 

EIM 
( e )  Bleed zone I11 

---------- 
0 Bleed exit setting A 
0 Bleed exit setting B 
A Bleed exit setting C 

----,->----- 

Figure 17.- Continued. 



I-' 
0 

1.00 
0 Bleed exit setting A 
0 Bleed exit setting B 
h Bleed exit setting C 

.80 

.60 

.40 

.20 

( d )  Bleed zone IV 

Figure 17. - Concluded. 



Cowl rakes .40 

0 
0 .2 . 4  '.6 -8  Cowl 1.0 

Pp,/Pt, m . 8  1.0 

Q Flagged symbols ind ica te  p i t o t  pressures 
- 7  1 7 .n L,  J . 7 , 7  measurea aneaa 01 m e  T;erminai snocx wave 

1.20 

h, i n .  ---- 

.80 

.40 

.o 0 

.6 .8 1.0 .8 1.0 

- ppL - 
Pt, Pt, Pt, 

( a )  ( X / R ) , ~ ~  = 2.548, M, = 3.00 

Figure 18.- P i t o t  pressure p ro f i l e s ,  maximum pressure recovery; bleed e x i t  s e t t i n g  B. 



h, in. 

I 
x/R = 4.119 x/R = 4.394 

f 

-Vortex generator ' 
height 

I 

.40 

0 

1.20 

c I I 

.6 .a - I  1.0 .8 1.0 2 .4 
PPZ/Pt, 

n 

Q Flagged symbols indicate pitot pressures 
measured ahead of the terminal shock wave 

Throat rake ,, 

I 

0. 

.80 '+- I j 

.40 L- 

I 
Centerbody rakes 

t--- 
I 

I 

kFb = 3.302 X/R = 3.952 

.6 .8 1.0 
1.0 



Cowl rakes 
7 -- .40 1 

-Vortex generator 

1.0 
n 

Q Flagged symbols ind ica te  p i t o t  pressures 
measured ahead of the  terminal shock wave 

1.20 
Throat rake 
x/R = 4.002 1 -- h, i n .  

-- .80 i 
Centerbody rake 

x/R = 4.252 
Centerbody rakes 

-- --- 
x/R = 3.302 x/R = 3.952 I 

.40( d - Vortex generator 1 

I 
/ 

1.0 .8 1 

L 

.6 

( e )  (x/RIliP = 2.960, M, = 2.50 

Figure 18.- Concluded. 

.8 1.0 
.o 



0 Centerbody 
0 C o w l  

-- I +-IT'- I 

I I 
I 
I 
I 

c_ 

----- __-_ ---, -- - e - - - e - d  . .  

-------- --__.- --b 0 
2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 

A - 
R 

(a) &/pt, = 0.816, mbl/m, = 0.098 

Figure 19.- Static pressure distribution; bleed exit setting B, (x/R) = 2.548; = 3.20, = 0'. lip 



0 Centerbody, 
36 0 C o w l  

--- 
4 

0 
2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.0 7.2 

X 

Figure 19.- Continued. 



6.0 6.4 6.8 7.2 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 



P 
P w 

A 

5.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 

Figure 20.- Static pressure distribution; bleed exit setting B, (x/R) = 2.548; & = 3.00, 0 = 0'. lip 





Figure 20.- Continued. 



P - 
pffl 

I_- 

- 
-----I 

2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 
X - 
R 

(d l  Ft,/Ptffl = 0.872, mbl/mff l  = 0.076 

Figure 20. - Concluded. 



P - 
pen 

----------__--____-- I-+- 0 Centerbody 
0 Cowl 

24 

20 

16 

2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 

X - 
R 

(a) $j2/pt = 0.889, m b l / m m  = 0.120 
m 

Figure 21.- Static pressure distribution; bleed exit setting B, (x/R) = 2.622j M, = 2.90, 0 = 0’. 
lip 



I 

a I----+- 

r-------- 

-- -I 

6.0 6.4 6.8 7.2 
0 -- 
2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 

Figure 21. - Continued. 



4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 2.0 2.4 2.8 3.2 3.6 
X - 
R 

Figure 21. - Concluded. 



I-' nl 
0 

32 

l 0 Centerbody 
0 Cowl 

' 

ti- --- ------------- 28 - 

--------------- 0 
2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 

Figure 22.- Static pressure distribution; bleed exit setting B, (x/R) = 2.670; = 2.75, ~ y .  = 0 0 .  lip 



24 I-- 
Throat 

Figure 22.- Continued. 



P ro ro 

--- 
4 

0' 
2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6 .0  7.2 

R 
X - 



24 - -I--- I---- 
E P  Throat Engine-face rake 

20 

16 

12 

8 
__--_i-_i--~ 

4 

0 I I I 
2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 

Figure 23.- Static pressure distribution; bleed exit setting B, (x/R) = 2.960; M, = 2.50, a = 0' .  lip 



- I 
32 ’ 

4------- &:--- 
- -----7F=m 

--- - 
6.0 6.4 6.8 7.2 

2 
0 ---------- 
2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.0 5.2 5.6 

0 Centerbody 
0 Cowl - 

Figure 23.- Continued. 



0 Centerbody ---- 
0 Cowl 

11-.----- 32 

Figure 23.- Concluded. 



0 Centerbody 
0 Cowl 

2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 
X 
R 

(a) Pt2/pt, = 0.948, mbl/m, = 0.102 

Figure 24.- Static pressure distribution; bleed exit setting 



36 
0 Centerbody 
0 Cowl 

32 

Engine-face 
rake ‘Lip Throat ------- 

4 

0 6.0 6.4 6.8 7.2 2.0 2.4 2.8 3.2 3.6 4.0 4-4 4.8 5.2 5.6 
” 
A - 
R 

( b )  Ft2/Ptm = 0.938, mbL/mm = 0.090 

Figure 24. - Continued. 



1 I I I 

,- 
I 

--- 
2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 

0 Centerbody 
I I 

Figure 24 . -  Concluded. 

1 1  0 Cowl 



24 -- --- -I----- - &- 
Engine-face 

rake Lip Throat 

2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 

Figure 25.- Sta t i c  pressure dis t r ibut ion;  bleed e x i t  s e t t i ng  B, (x/R) = 3.478; M, = 2.00, a = 0’. l i p  



2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.0 7.2 

R 
X 
.._ 

( b )  Pt2/Pt, = O.935, mbl/m, = 0.084 

Figure 25.- Continued. 



36 --- ---, 

---- 0 Centerbody 
0 Cowl 

32 __ 

I 1 

-- 28 - - 

24 -- 
LiP Throat Engine-face 

TYke 

+ 
--- e 20 -- 
-- -a- 

P - 
PIX 

----I- 
/-- 16 --- 

7 L' 

12 -- 
r 

,. 
P 

I 4 

- 
2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 

(e> Pt2/pt, = 0.916, mbl/m, = 0.075 

Figure 25.- Concluded. 
I-' w 
I-' 



I I I 
[ I  

-8 - 
0 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 2.0 2.4 2.8 3.2 3.6 

0 Centerbody 
I I \ 

I C o w l  

Figure 26.- S t a t i c  pressure d i s t r ibu t ion ;  bleed e x i t  s e t t i n g  13, (x/R) = 3.628; M, = 1.75, CX = 0 ' .  l i p  



36 --- 
0 Centerbody 
17 Cowl 

32 

P - - - - 

4 

2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 

P 
W 
W 

Figure 26.- Continued. 



P 
W c I 1 I I I I I I 1 I 1  

- * 

32 , 

r' 
I 28 1 

1 1  
L , _ -  

8i I 

I 0 Centerbody 
---+--- - -- - 

0 C o w l  
A -> 

I 

4 

I I I 

0- 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 2.0 2.4 2.8 3.2 3.6 
X - 
R 

Figure 26. - Concluded. 



36 

- t 

32 

28 

24 

20 
P - 
PCQ 

16 

12 

8 

4 

0 

0 Centerbody 
0 C o w l  

-- 

2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 

0 = 0". Figure 27.- Static pressure distribution; bleed exit setting By (x/R) = 3.728 lip Mco = 1.55 



I 

! 

P w cn 

28 - 

Engine - f ace 
rake 

24 - 
Lip Throat 

12 

4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 2.0 2.4 2.8 3.2 3.6 

( b )  Pt,/ptm = 0.981, mbl/m, = 0.086 

Figure 27.- Continued. 



36 
0 Centerbody 
0 C o w l  

32 

28 

12 

8 

4 

0 
2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 6.0 6.4 6.0 7.2 5.6 

Figure 27.- Concluded. 



.80 

Pt, 

ptcn 
- 

.40 

.16 

.12 

m b l  
mW 
- 

.08 

.04 

.40 

.20 

0 

7 
L 

1.2 1.6 2.0 2.4 2.8 

*W 

Figure 28.- Ef fec t  of u n s t a r t i n g  the  i n l e t  on the main performance pa- 
rameters;  b leed  e x i t  s e t t i n g  A; a = 0 " .  

138 



mb 1 
mrx, 
- 

.08 

.04 

0 

.04 

0 

OMaximum pressure recovery 
0 I n l e t  uns t a r t ed  

Bleed 
zone 

Figure 29.- Effec t  of u n s t a r t i n g  t h e  i n l e t  on the  ind iv idua l  b leed  flows; 
b leed  e x i t  s e t t i n g  A; a! = Oo. 



.80 

.40 

0 

.40 0 8 0 E  

P - tb 1 0 t 
Ptcn 

.80 

.40 

0 

.80 

.40 

0 
1 

1 
111 

3.2 

Figure 30.- Effect of unstarting the inlet on the individual bleed plenum 
chamber pressure recoveriesj bleed exit setting A j  Cl = 0 " .  

140 



-92 

.88 

.84 

- 92 
- 
P t 2  
Ptm 
- 

.88 

.84 

* 92 

.88 

-8k 

-2.90 

Bleed e x i t  s e t t i n g  A 

I 
I I I 
I 
I I 
1 I 
1 
1 

i I -  
I 
I I  . oa 

!.75 

nl- 

1.70 

.au = 0.5 

I 
.10 

Bleed e x i t  s e t t i n g  B 

. .  . ~. -__ 

Bleed e x i t  s e t t i n g  C 

.I2 .14 .16 

Figure 31.- I n l e t  tolerance t o  angle of a t tack;  M, = 3.00, cx = Oo; 
(x/R)l ip  = 2.548. 

I. 



1.00 

.80 

.40 

'Da .20 

A 

" 0  .1 .2 .4 - 5  

Figure 32.- Transonic performance; bleed e x i t  s e t t i ng  B j  Q: = Oo. 

142 



1.oc 

.80 

.40 

*pt2 .20 

0 

.60 

.40 

cDa 

.20 

0 

I I  
I I  
I I  
1 1  

.1 .2 

0 3.952 
0 3.802 
A 3.652 

* 3  .4 - 5  

(b) M, = 0.70 

Figure 32. - Continued. 



1.00 

- 
- Pt2 .90 
Pt ca 

.80 

A p t ,  ::ff 
0 

.60 

.40 

cDa 

.20 

0 .4 .1 .2 

Figure 32.- Continued. 

144 



1.00 

1 I 
1 

.80 

.60 

.. 

.40 

A p t  2 

.20 

0 

.60 

.40 

DEL 
C 

.20 

i I I 
1 
I 
1 
.1 

\ 

.4 - 5  
mi 
mm 
- 

( a )  M, = 0.90 

Figure 32. - Continued. 



.60 

.40 

.20 

0 

.60 

.40 
Da 
c 

.20 

0 3.955 
3.802 

A 3.652 
(> M A  See 

0 .1 .2 

mi 
ma 
- 

(e) M, = 1.00 

146 

... 

Figure 32.- Continued. 



1.00 

.6C 

.4c 

.20 

0 

.60 

.40 =a 
C 

.20 

0 .1 

T I I  
0 3.952 

A 3.652 
3.802 

& I 
fi 
I '  I 
I 

.2 

i _. : I .. 

.4 - 5  

(f) & = 1.10 

Figure 32.- Continued. 



i -  
0 .1 .2 

I 

i 
1 I 

( g )  M, = 1.20 

1 (8 lip 
0 3.952 

3.802 

iwi  dil I I 
H I I I  

- 3  .4 .5  

Figure 32. - Continued. 

148 



1.00 

-90 

.80 

70 

.40 

A p t 2  .20 

0 

.40 

cDa .PO 

0 
0 

1 I d  

I 1 -  
11 ir 

.1 .2 - 3  .' 

- mi 
" 

(h) M, = 1.30 

Figure 32. - Concluded. 



.20 

A p t 2  .10 

1 
0 

t 
~ 

4 

I_ -r L 
6 

(a) M, = 0.6 

8 

Figure 33.- Transonic performance at angle of attack. 



= m I 1 = 1 . ' 1 = . = 1 = - ~ 1 1 1 1 1 ' 1 1 1 1 1 1 1 1 I I .  1.111111111111111 111.11111 I1 I 11111111 I1 I I II I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 - 1 1 1  1.11111111111111==1 .11.111~1111.1111111lllllllllll 

I 

1.00 
1 

92 

.20 

F 
O 0- 

' -- &)lip 

0 3.952 
0 3.802 
A 3.652 

2 4 6 8 10 

Q, deg 

(b) & = 0.8 

Figure 33.- Continued. 



111 111 I I I I II II I II II I I I  1111 II I I I I I 1111.111 I 1111111111111111111111111 1.11111 1111111.1111.11 11111111111 I, I I I I I I  ... 111 1 1 1 ' .  

.20 

.10 

- 0  2 
L 6 

I 
A 

0 3.952 
0 3.802 
A 3.652 

10 
i 
8 

( c )  MOO = 1.0 

Figure 33.- Concluded. 

NASA-Langley, 1968 - 28 A-2837 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON, D. C. 20546 

OFFICIAL BUSINESS FIRST CLASS MAIL 

POSTAGE A N D  FEES PAID 
NATIONAL AERONAUTICS AND 

SPACE ADMINISTRATION 

POSTMASTER: If Undeliverable (Section 158 ' 
Postal Manual) Do Not Return 

' T h e  aeronautical and space activities of the United States shdl be 
conducted so as to  contribute . . . t o  the expansion of human knowl- 
edge of phenomena in the atnzosphere and space. T h e  Administration 
shall provide for the widest practicable and appropriate dissevaination 
of infor.i)intion concerning its actiiities and the resdts thereof." 

-NATIONAL AERONAUTICS AND SPACE ACT OF 1958 

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 

TECHNICAL REPORTS: Scientific and 
technical information considered important, 
complete, and a lasting contribution to existing 
knowledge. 

TECHNICAL NOTES: Information less broad 
in scope but nevertheless of importance as a 
contribution to existing knowledge. 

TECHNICAL MEMORANDUMS: 
Information receiving limited distribution 
because of preliminary data, security classifica- 
tion, or other reasons. 

TECHNICAL TRANSLATIONS: Information 
published in a foreign language considered 
to merit NASA distribution in English. 

SPECIAL PUBLICATIONS: Information 
derived from or of value to NASA activities. 
Publications include conference proceedings, 
monographs, data compilations, handbooks, 
sourcebooks, and special bibliographies. 

TECHNOLOGY UTILIZATION 
PUBLICATIONS: Information on technology 
used by NASA that may be of particular 
interest in commercial and other non-aerospace 
npplication5. Publications include Tech Briefs, 
Ttchno~ogy Utilization Reports and Notes, 
and Technology Surveys. 

CONTRACTOR REPORTS: Scientific and 
technical information generated under a NASA 
contract or grant and considered an important 
contribution to existing knowledge. 

Details on the availability of these publications may be obtained from: 

SCIENTIFIC AND TECHNICAL INFORMATION DIVISION 

NATI 0 NA L AER 0 N AUT1 C S  AN D SPACE AD M I N I STRATI 0 N 
Washington, D.C. 20546 


